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PREFACE TO FOURTH EDltlON 


j 

The last edition of th^f volume . appeared in the year 1903. 

1 * V a _ 

It is hardly necessary to say.that **nc# then the chemical 

industries treated therein‘have made vast strides forward, 

• » , 

not merely in respeit of quantitative extension, bi\t also in 

the methods of manufacture. It seems, therefore, full time 

to register this progress, which I have been enabled to do 

by personal observation as wdl as^Vy a great number of 

communications made to me, apart from the vast amount 
» . . . 1 

of material contained in the technical publications and in 

the patent specificatib;is during t+iis time. 

I have done my best to embody this fresh matter with 

that contained in the former editions, and I trust the readers 

of this Treatise will give me credit for my endeavours to 

• r 

keep it up to its standard of usefulness, and that they will 

• • 

excuse the errors and omissions inevitable when dealing with 
such a vast subject. 

I 

The considerable amount of ne*v Tnattcr published in this 

field during the printing of this volume has been embodied 

in th" Addenfla, so'as to bring up the subject to the present, 

date. * 

G. LUNGE. 


Zurich, February 1913. 
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FIRST 'BOOK 

SULPHURIC* ACID 

INTRODUCTION 

Formerly the term “alkali maniiCa«ture” nearly always tom- 
prised a cy<j|e of operations, beginning with the manufacture of* 
sulphuric acid and [Jrocgeding to that of sulphate of soda (salt- 
cake), hydrochloric acid, soda-ash ^with caustic soda, soda- 
crystals, etc.), andtbleaching-powder. This cycles not completed 
in all factories, but frequently (at the present day even more so 
than formerly) the operation stops at sulphuric acid or sulphate 
of soda ; but v. e may embrace all this under the general term of 
“Sulphuric Acid and Alkali Manufacture. 9 

In this wider meaning tfcc products of alkali-making are 
necessary materials for many metallurgical processes, for the 
manufacture of artificial matures, softp, fatty and mineral oils, 
glass, paper, many inorganic and orgjnic'colouring-matters 
(especially nearly all coabtar dyes), and even of many articles of 
food,—that is to say, for nearly all branches of manufacturing 
chemistry. In feet, &jnong all brunches of chemical industry 
the cycle of technical operations connected with alkali-making is w 
pre-eminent, not merely from the m&gnitude of the works and 
the .absolute bulk of the raw material used and the quantity . 
produced, but also from the fact that most other cliemical pro’- 
ducts require one ar «o®2 braifches ol* alkali-makiqjj as the 
conditions of their* own existence* # It can be truly said that the 
manufacture of'acids agckSlkali is the fbundat'onMpqn which the 
whole chemical.inj^ystry of 0hr times is builh up, aad that such 
industry cannot be much developed, is &*ny country not possess- 
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ing & flouyislyng alfcali trade, or mft'bving at° least specially 
well situate^? for buying the produce/!)! the latter. It i^thus 
• evident how great is* the importance of the alkali trade in its 
rtider meaning ttf thy civilisation jpf mankind, though we should 
certainly be going Uocfar if we measured, as some have done, 
the civilisation of a country by the; development of this special 
industry. * 

Formerly the r whole cyCle«of processes here described was 
intimately connected with th^ great invention of Leblanc, now 
a century and a qliarter old. Tlikdy years ago, although the 
ammonia-sdtfa process had* then already more than proved its 
right to be considered n full success, it had W yet shaken in 
any tangible degree the supremacy of the Leblanc process, at 
least rot in Great Britain. * In the latter process tlu; different 
branches of “alkali-making 1 ^ mentioned above are connected in 
such a manner that only tinder special local conditions can one 
1 or more of the principal substances be omitted. Formerly this 
was the case evenness than now, as the competition of ammonia- 
soda ash and electrolytical methods have completely altered 
some of the conditions of trade, making it unremunerative in 
ijiany cases to convert the sulphate of soda into the carbonate. 
Many works now stop at the manufacture of Ailphuric acid ; 
others go as far as sulphate of soda, together with chlorine 
products ; but many proceed still further, going on to the manu¬ 
facture of soda in its various branches. * 

Ihe manufacture of sulphuric acid is in reality a very large 
industry, quite.apart from its «onnection with the Leblanc 
process. Enormdtis quantities of it are required for the manu¬ 
facture of artificial manures (fertilisers), and therefore every 
large manure factory makes its own sulphuric acid. This is 
done also by the largest sul^hate-of-amnjbnia"'works, petroleum 
refipers, coal-tar dye manufacturers, and in a few other cases. 
Some works in Englancl/and many on the Continent, make 
sulphuric agj^d to a great extent, or even entirely, not for their 
own use, but for sale. Since this acid is no longer sent out in 
any considerable quantity in glass cariioys, but in iron tank- 
waggons, jt can be carried t« coijsidefable distances at moderate 
cost. ' ' 

Aseulphuric atSd is mostly mactafrom pyrites;its manufacture 
is intimately connected'«ith the recovery ^of coppef from the 
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• i 1 

cinders, in which process ferric cxide, silver; 1 fpid, other by¬ 
products are obtained, t _ « ' t 

A very large (formerly even the largest,l quantity of sulphuric - 
acid is used up at the works themselves Tqr the manufactura. Of 
sulphattof soda (salt-cake) and sulphate of f dash , r in which hydro¬ 
chloric arid is a necessary by-product. Sometimes salt-cake is 
obtained without previously manufacturing sulphuric acid, as ,a 
by-product of other manufactures oh by the ‘ direct process ” of 
Hargreaves and Robinson. Salt-cake is used on a very large 
scale for the manufacture*fcf glass; jmd pdrhaps even more of 
it still enters into the Leblanc profess for mKuufeicturing soda. 
This article is mostly the final product,'either in the calcined or 
crystallised or caustic state, and the series of operations is thus 
brought a close in this direction!' 

Hydrochloric arid (muriatic acid) is, ofreourse, sold as such to 
some extent, but in nothing like such Iftrgc quantities as sulphuric 
acid, as its «arriage is impossible ip metallic vessels, and there-' 
fore more expensive and troublesome. Mott of it is at once, 
sometimes wen without condensation to liquid acid, converted 
into chlorine , which, being a gas, is immediately worked up into 
blcachmg-powder or chlorate of potash, or occasionally into othy 
products; a i olnparatively small quantity of it is sold in the state 
of liquid chlorine. The time when the hydrochloric acid was 
condensed merely to satisfy the exigencies of laws made for 
protecting the health and vegetation of a neighbourhood, and 
was then run to waste into the nearest watercourse, is long ago 
past, since the process of decomposing salt by sulphuric aeid is 
only profitable if the hydrochloric^cicbisthilly utilised ; this acid 
has thus in many cases risen from the rank of a by-product to 
that of the best-paying principal product. 

Since the conditions of the Leblinc process have been further 
changed by the solution of the problem of the recovery of sulphur 
from the alkali waste, it has been m'^dc into a real cycle, into 
which commotf salt and coal enter at one end, alkali,,and chlorine • 
issuing at the other, whilst sulphur and possibly even lime are 
made to do service <wet«vm«l over again. 'This, however, appears 
most clearly in Vhls'. II. ahd IJI.' of this treatise; to, which we 
also refer for such genftrtd observations as the qinnipnia process 
of soda manufaetyjj*; calls forf *■ « 

The lrfst, and a^very funclamenfaJi change of the conditions 
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of what i» copjpuisqcPby the *erm “ aliali manufacture ” has been 
effected by^the development of the ^electrolytic manufacturing 
process , which must ,bt relegated to a special volume, except 
Apse processes whjptl deal witjj, the production of nitrogen 
oxides and ».\ide fso*n free nitrogen or ammonia; these are 
dealt with in their proper place in this present volume. 
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CHAPTER IV 

THE I'KOnUtTIOif OF iJUI.I'IH’R DIOXIDE 

A. From Brimstone 

Already in the historical part attention has been drawn to the 
point that important progress was made in the manufacture 
of sulphuric acid when the periodical combustion of sulphur 
within the acid-chambers was replaced by continuous work in 
special apparatus attached to the chambers. This led to 
makieg the sulphur-burners altogether independent of the 
chambers, and conveying: the gas generated in the former by 
a flue into the latter. * 

Whilst in the old periodical style of working only the 
oxygen actually present in the chamber could come into play, 
and therefore after every combustion the chamber had to be 
supplied with fresh air by opening the door and _a special 
valve, of course at the expense of much inconvenience and 
lo«s of gas, in the continuous, method of work the necessary 
air constantly enters the burner by suitable openings at the 
same rate as the products of combustion are aspirated ‘into 
the chamber by the draught prevailing throughout the apparatus* 
The continuity of work must be fffrther aided by employing 
a combination*of several burners, so tljat there is always burning 
sulphur present. Or else burners are employed to which the 
brimstone is continuously supplied, in order to avoid the 
drawback o’* irregular supply of air and gas occurring even 
with the Combination of several ordinary burners. 

The plainest sulphwr-burners, such as were formerly, the 
most usual in England,‘are represented «in Figs. 58 to 60. The 
burner consists of a brick chamber covered* by an arch, the 
bottom being formed by a cast-iron plate, a, separately shown 

381 * ’ ♦ 
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* • ' 

in Fig. Go.‘ This plate at the twq long sides and one of the 
ends has 1 a somewhat slanting^up flange <!>f 3 in. height—in 
front, however, only 1 in., so as to get out the ashes more 



Fig. 58. 



Fig. 59. 



Fig. 60. < 


easily. The platti does not go right througli the burner, but 
leases the last third pf it free; in thjs’part of the chamber the 
sulphur vapour, ( which is always formed, can mix with the 
excess of air and'be burned. Rarely, however, is this com¬ 
pletely attained, and there is generally some unburned sulphur 
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carried away. This not»on^y causes a loss, but also easily leads 
to the chamber-add getting muddy and being covered with 
a thin film of sublimed sulphur, thus preventing the contact 
between the bottom acid and the gas, which is most necessary 
for the chamber process. The burner is further provided with 
an iron door, />, sliding in a frame and adjustable by a chain 
and balapce-vveight; also with a pipe, c, for taking away the 
gSs. An air-channel, d, below the plate is in connection with 
a small chimney, or sometimes only with the open air, in order 
to cool the metal plate to some extent and prevent the sublima¬ 
tion of sulphur. There are always several furnaces of this 
kind combined together; each of them, with plates of 8 ft. x 
4 ft., can burn 5 cwt. of brimstone in twenty-four hours, which 
is put in in six portions, one every four hours; if four furnaces 
are combined, one of them is charged every hour. Sometimes, 
however, much larger and more: frequent charges are made 
(spe belqwFrequently in these burners, usually at the same 
time, the nitric acid fs liberated by*placing cast-iron pots, 
provided with three feet and containing a mixture of nitre 
and sulphuric acid, amidst the burning sulphur by means of 
large tongs. 

For a start the plates are heated by a .ynall fire of wood 
shavings, the door being left open, not till the iron becomes 
red-hot, but only till the first charge of sulphur ignites of its own 
accord or can be easily lighted by a red-hot iron ; the further 
charges always find the burner sufficiently w arm. A special fire¬ 
grate below the plate, to be us?d only at the' start, is sometimes 
provided, but is quite* unnecessary. The ’admission of air is 
regulated by opening the door, />, more or less widely ; and its. 
position is fixed bv» putting a w<Vlge underneath it, or by 
hooking the tjalancc-chain.to a nail driven into fhe brickwork 
outside. At the commencement when the chambers are filled 
with ai.» the damper in the draught-tube is only opened 
gradually^ t<\ drive away the air more thoroughly. 

The style of .working is generally rather rough; we must 
consider that such burners are nowadays hardly ever found in 

1 Davis (Chemical engineering, ii. p, 123) 'jtates that up to 2 lb. of 
brimstone can be burned per square foot per hour < Tflis is more than the 
maximum 1 have ever found in practice. It is best not to reckon upon 
much more than I lb. per squale foot per hour. * • 
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large works, where mdre supervision can be used. *Before the 
attendant pulls up the door, he continues hijnself regarding the 
state oT the chambers, so as to Judge how much nitre he is to 
“ pot ” along with the brimstone. Sometimes (in former times 
regularly) the nitre is merely measured b> guesswork. Fiyst 
the brimstone is thrdwn in ; the floor is immediately let down ; 
then a sufficient quantity of chamber-acid is poured into the 
nitre-pots, always by guesswork ; the door is opened again, 
and the pots are placed in the brimstone, now already on fire, 
by means of an iron fork made for the purpose. The heat 
produced by the progress of the combustion drives off the nitric 
acid, and this enters the chambers together with .the sulphur 
dioxide. 

When the time is up, the door is raised again, and the ashes 
are raked out; first, however, the nitre-pots are lifted out and 
emptied of their liquid contents. Then a new charge is made 
, as above, and so forth. In all other sulphur-burficrs, excepting 
the continuous ones, tln> \\ ork is carried on in the same'manner ; 
only the introduction of the nitre sometimes takes place in a 
less rough way, or nitric acid is run directly into the chambers. 

It is a sign that the burner is working well if the brimstone 
burns with a pure blue flame; as soon as the flame takes a 
brown tinge, it'indicates that much sulphur is subliming, 
and care must then be taken to cool the plate by the flue 
underneath. 

A somewhat more perfect apparatus is shown in Fig. 61. A 
is the foundation, Ji the chamber for burning the sulphur, C the 
gaspipc. TJie foundation carries a cast-in fi plate which covers 
the"whole furnace-bottom and is inclined a little forward. The 
combustion-chambers are at the sides bounded by brick walls, 
but in front, at the back, arid at the top by cast-iron plates ; in 
front also are the charging-doors, l> l>, and small openings, a a, 
provided with slides for regelating the access of ^air. The 
furnace-bottom is divided by 3- or 4-in. iron bars into three 
compartments, corresponding to the doors and Mi aught-holes, 
which are served by turns. Inside the poti are Visible, into 
wrf'ch the mixture of nitre and sulphuric acid is charged. The 
details of construction are often very different from fbo.se shown 
in the diagram * there arc burners with more or fewer working 
compartments, with different regulation of air, with rails over 
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the bottom plates for gyishing in a box instead of the nitre- 
pots, etc. The ni^rc-pots must receive a very small charge, 
otherwise the danger of boiling over is considerable, and the 
sodium sulphate getting into the sulphur is very troublesome. 
When nitric acid is used in the chambers, the nitre-pots are 
not required at all. * 

Sometimes the iron sides of the sulphur-burners- are made 
double, and an air-channel is left in the space between. Thus, 



of course, the temperature of the burner can be regulated to a 
nicety by opening up a draught through the double.iron wall 
when tire burner gets too hot, and shutting up the draught 
when it gets too cold. . 

The diagrams Fig;* 62 to 65 show a set.of twu burners free 
from most of the drawbacks mentioned. Fig. 65 is a sectional 
plan taken at two different levels ; Fig 64 a longitudinal section* 
Fig. 62, half front elevation, half cross-section; ,Fig. 63, back 
elevation. * 

a is ^he cast-iron bottom plate for burning the sulphur; it is 
carried hollow on pillars ; and the channels b b formed thereby 
undcmeartli ifhe plate communicate with the outer air by the 
opening c ’so th 3 t the plate can be cooled 4 rom below. The 
channels, d d ’ left in the* foundation a little further below, rwm- 
municate with this system, and. uhinr^ately end outside d'. 
Owing to the difference of level and temperature, the air must 
always enter at d' and ge^t out at r ; its quantity can be easily 
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regulated by partially closing c. .The door e is hung in the 
usual way! The gas of the burner does no'i go straight to the 



chamber, but first ascends through the.ojrening / into a space 
separated from tfie^bfirnev proper by <fti arch. Just above the 
opening there is a grating, on which the nitre-pots are put, 
being introduced by the door g. There is here a small hole, k, 
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lined with an iron tubs' fo* admitting a little more air to the 
upper compartment*and burning any sublimed sulplju*. The 
gas first returns to the front, then back again through the hole 
i and the second half of the upper compartment, and at last 
escapes throfigh the cast-iron pipe k, common to two. burners, 
whose upper stories are accordingly jiot built* alike, but are 
symmetriaal. 

This burner (known to myself from actual use) admits of 
very good regulation ; any subliming sulphur on its long course 
through the upper story is either deposited as such or burnt, 
and cannot get into the chambers. The boiling-.over of the 

D 


it 

- F 

C 


• > Fig. 65. 

nitre-pots can here be rendered harmless by simple contri-., 
vances. This burner is in some paints analogous to that of 
Harrison Blair^see p. 40o),Jaut it is much simpler'and adapted 
for a smaller scale of work. As«a rufe the working-doors are 
closed wtthin a very small fraction, and the admission of air 
to the upijet story is regulated by more or less closing the hole 
b. Four speh fujnaces work together; every half-hour one of 
them is charged with 1 cwt. of brimstone. 

Fish (B. P. 7757 'of, 1891) makes th« burner-bed incline 
to one side, so that the stilphur can birgratlually moved towards 
that side, where the ashes are raked out. 

In order to avoid the# drawback common to all sulphur- 
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burners, vjz., the high temperature‘which causes a sublimation 
of sulphur (which some have t*ricd to avoid by wetting the 
brimstone with water), and even to turn it to some use, the 
cover of the burner is occasionally employed for drying wet 
materials ; it has sometimes been made in the shape of a pan 
for heating water or for*concentrating acid, which is the most 
rational plan. t- 

A large brimstone-burner, covered in with evaporating- 
pans, is shown in Figs. 66 to 68. Fig. 66 is a sectional elevation 
on the lines K F G 11 of Fig. 67 ; Fig. 67 is a plan on lines A B 
C D of Fig.'66 ; Fig. 68 a front view. These diagrams, repre¬ 
senting a furnace at work in America, have been kindly 
supplied by Dr Karl F. Stahl, of Johnstown (Pa.). Its bottom, 
roof, and sides are formed of cast-iron plates, 1 in. thick, with 
6-in. flanges bolted together and caulked with rust-cement. A 
brick wall, 9 in. thick, is carried all round, leaving a hollow 
space of 2 in. from the,plates ; a few of the bricks near the top 
and bottom are put in loosely, which permits of air-cooling in 
very hot weather. The lead pans placed on the iron roof are 
3'6'x 10' 10" x'/", the weight of the lead being from 8 to 12 lb. 
per super, foot. The furnace bottom consists of five plates, as 
seen in Fig. 66; tin each of the three front plates (3' 6"x 12') 
from 1000 to 1 joo lb. of brimstone can be burnt in twenty-four 
hours. 

An arrangement, mad* by Kuhlmann, for combining*.! steam- 
boiler with a sulphur-burner (isi edition of this work, pp. 139, 
140), did not answer at all, and has been discontinued. 

All the sulphur-burners hitherto described are built on the 
intermittent plan ; and unless a number of them were working 
together, they would yield^'a very unequal current of gas. As 
the sulphur must, of courep, be allowed to burn off as completely 
as possible, the furnace in the final stage, and especially just 
before being recharged, yields very little sulphur dioxide, whilst 
it is not possible to regulate the draught so tftat Exactly so 
much less air is introduced as less sulphur is'burnt.' When at 
last the door is opened for a new chirrgc, a very large quantity 
of air rushes into the ^burner and further *on to the chambers, 
without any sulphur dioxide whatsoever. This irregularity, 
very prejudicial tojdie chamber process, is certainly to a great 
extenf neutralised by .the fact that always several furnaces 
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(three, four, five, or more) work together in such a way that 
they arc charged in turns ; for instance, with a four hours’ shift 
and four furnaces onfe furnace is charged every hour, and thus 
gives out least gas when its neighbours are fully burning. 

The just-mentioned irregularity is entirely avoided by the 
application of continuous burners, which save much labour, and 
moreover, give a much better regulated current of ga: than can 
be obtained with single burners, 

I wo such continuous burners have been constructed by 



Fig( 68. 


.Petrie; we refer for diagrams and descriptions to our 1st 
edition, pp. 141 and 142. 

The objedt pursued by Petrie is.attained in a more perfect 
way by the furnace of Harrison Blair, in which the volatilisa¬ 
tion of the sulphur, which otherwise is a source of inconvenience, 
is utilised to make the burning continuous. The apparatus' 
consists of three parts, one of which serves for par^y burning 
the r sulphur and entirely volatilising the unburnt portion; 
the second serve? for, completely burning the latter portion; 
the third for decomposing the nitre. Although the two former 
compartments are at a full red-heat during the process, no 
Sublimation of sulphur practically taaes place, and the process 
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is as nearly continuous .-as possible, since the residue need only 
be withdrawn once in twenty-four hours. Fig. 69 shows a plan, 
Fig. 70 a sectional elevation, of this burner. A is the space corre¬ 
sponding to an ordinary burner-plate, which has rather high 
sides and a descent towards the door; but 2 ft. from the door 
it rises again a little, so that the residue raked <0 that part can 
burn out ^completely before it is removed by the door B, which 


Fig. 6<> 


1 • F ig . 70. 

takes place once in twenty-four hours. When this has been 
done, the residue raked together from the other parts of the 
burner is brought to the same place and allowtd to burn for 
twenty-four hours again. The bottom of the Burner is not made 
of iron, but of closcly-set bricks with wed-grouted joints, ihis 
space A is 9 ft. long, 6 ft. wide, and » ft. hi^h.. The door 15 is 
an iron plate, loosely sliding in a frame, but a little slanting so 
that it closes almost aiwtight, and is easily removed. It k> 

2 C 
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perforated by a number of holes, which can be either partly c 
entirely closed by a slide. The brimstone is either put in one 
every twenty-four hours through the working-door, or gradual! 
through a funnel C. C is continued by a 7-in. cast-iron pipe t 
within 6 in. from the bottom of the chamber ; it is stVrrounded b 
a wider pipe to protect it against being burnt too quicklj 
The funnel and its continuation are always filled v ith briir 
stone; and this is continually replaced as it melts off at th 
bottom. The simpler method of charging once every twenty 
four hours through the door seems after alHo have succeeded bes 
The admission of air through B is regulated so that only suflF 
cicnt sulphur is burnt for keeping up the heat of the furnace 
most of it is simply evaporated. At the same time the regu 
lation of the access of air allows of spreading the proces 
evenly over the whole day. The walls of the furnace are inad 
1 i brick thick, in order to retain the heat. The nixed gas am 
vapours enter through an opening of 9x9 in. (which 
be closed by a fire-clay damper D) into the combustion-spac 
proper, E E, 8x6 ft., divided by three partitions into fou 
compartments, communicating alternately in front and back b 
openings 9 in. square. Here at the same time fresh air enter 
by the opening If, which is provided with a damper of 3 x 8 ii 
Now sufficient air is admitted for burning all the sulphur, whic 
can be recognised with certainty by the fact that on openim 
the plug G the entering air docs not produce a new flame. Th 
roof of the combustion-space, E, is formed of fire-tiles, abov 
which a second story, the nitre-oven, is situated. There ar 
three rows ot nitre-pots, N, separated by reticulated brickwork 
which also serves to support another roof of fire-tiles for cover 
ing the nitre-oven, altogether 18 in. high. The diagram show 
how the hot gbis circulates round the nitre-pots. The pots ar- 
renewed every six hours,’so that every two hours another rov 
of pots has its turn. The hot gas, mixed with the nitre-gas 
first passes underneath the cast-iron dome, II; for a partia 
cooling, then’through an iron pipe, 24 ft. h : gh, into a smal 
cooling-chamber iS ft. long, 5 ft. wide, and i£ ft. high (whos. 
botfom and top afe co.vercd with water), and then into the lead 
chambers. Sometimes steam is admitted into the combustion 
furnace, which is said to hasten the formation of sulphuric acid 
With a furnace of the dimensions stated, 26 tons of brimstone 
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per week are said to have tjeen burnt in a perfectly satisfactory 
way, corresponding to the work of 15 ordinary burners; by 
cutting off part of the air it was possible 10 reduce the sulphur 
burnt to 5 or 6 tons per week. For an equal chamber-space 
much more sulphur can be burnt than with ordinary burners 
without any damage to the process, owing to the even work 
and the avoiding of any excess of air. Indeed Blair’s burner is 
rnuch commended, and probably would have been more exten¬ 
sively employed, but that soon after its invention most large 
works (and only such can do with it) passed over from brim¬ 
stone to pyrites. . 

At the present time, of course, nobody would think of such 
a way of cooling the gas as is shdNvn here in the cast-iron 
dome H. We should employ its heat in a Glover tower, or 
previously for concentrating acid. We should also replace 
the potting arrangement shown 11. the diagram by the more 
|:"'fect arrangements to be described later on in connection 
with pyrites-kilns; or we should leave it out altogether, and 
supply the chambers with liquid nitric acid through the 
Glover tower. • 

A modification of the principle of burning the subliming 
sulphur by introducing air behind the burne? was patented by 
H. Glover (No. 3774 of 1879). He arranges behind the burner 
a chamber, loosely packed with bricks, in which the vaporised 
sulphur deposits before it can get into the lead-chambers. 
This brick chamber, when it is partially filled with sublimed 
sulphur, is burned .put by admitting air into it. ^ 1 he heat is 
utilised for concentrating acid, ami the gases ate eventually 
passed into a Glover tower, where they do all the necessary 
denitrating work. This System is at work at a Philadelphia 
factory, and gives entire .satisfaction, as observed by myself, 
no repairs having been required after the lapse of five years. 

This'arrangement is shown in Fig. 71. A is the usual burner- 
plate, B ‘eeding-apparatus (on the same principle as used 
in Blair’s burner); the burner-gases, witji the subliming 
sulphur, pass into the chamber C, where they meet air entering 
through the pipes F, either cold or previously healed by waste 
heat. The mixture further passes through chamber D, con¬ 
taining a network of fire-bricks like that used in a Siemens’ 
recuperator; the mixtureTmd combustion here become pei feef, 
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and the gases, now entirely deprived of free sulphur, pass away 
through H and tne flue 1 K On their way a platinum dish 
E, for concentrating sulphuric acid, is placed on the top of 
chamber D, and further (leaden) pans, J and G, are employed 
for a first heating of the acid. From here the acid gas passes 
into a Glover tower, where it is still hot enougn to concentrate 
all the Oay-I.ussac acid (equal to I \ times the daily make of 
tlie chambers) up to 150' Tw., and impart to it a temperature 
of 127 ’ to I32°C. The lead pans G J and platinum dish E 
produce daily 9000 lb. of acid of 91 or 92 per cent. 11 ..SO, from 
chamber-acid of about 123 Tw.; that is, two-thirds of the 
acid made from the 4000 lb. of brimstone burnt on plate A. 
Since this acid is taken directly from the chambers (the Glover- 
tower acid being used exclusively in the Gay-Lussac tower), 
and since the concentration is not driven to a higher point than 
92 per cent.,<thc platinum dish ne' er requires any cleaning out 

i.r iron salts, etc. 

’ » • 

Another sulphur-burner, on the principle of continuously 
supplying liquid sulphur, is that employed at the works of M. 
de Hemptinnc, at Brussels, and shown in I‘igs*/2 and 73 (taken 
from the “Bulletin du Musec de lTndustrie de Belgique,” 
January 1882, sent to me by the Author).* It consists of a 
cast-iron arch A, strengthened by bracings, and resting on a 
large flanged wrought-iron plate with flat rivets, which can be 
heated, or cooled by flues underneath. On this plate’there are 
placed, side by side and as level as possible, four cast-iron 
plates with 3-in. .upright flanges, intended for, burning thf 
sulphur, which is supplied by four Spouts from a cast-iror! box 
C, divided into four compartments and built into the front wall, 
as shown in the diagram. Perpendicular partitions 1 ) serve 
as lutes for preventing the burncr-jgas from blowing out in 
front; if the combustion should spread to the front, a cover 
(not shown here) would at once put out the flame. Thus the 
supply 0/ sulphur takes place regularly ; the four hinged doors, 
a a, in front serve merely for the entrance .of the air and for 
clearing out the cinders. The arch A consists of ten pieces 
bolted together; it is cbvered by ligJu sheet-iron shutters, 
E E, bent to the same shape and covered with a mixture of 
loam and straw, which can be raised or lowered by a chain, 
pulleys, and counterpoises. This admits of regulating lire 














































FROM BRIMSTONE 


407 


heat of the chamber; if it tjises too much, one or more of the 
shutters, E E, arc raised. An alarum thermometer 1 , in a 
copper tube, indicates the temperature. The gases escape 
through the metal pipe F, resting on a thick-walled cast-iron 
box G, from which the deposit formed can be withdrawn 
through J. Through II an extra supply of air can be let into 
the tube ,F. [This arrangement for supplementary combustion 
is* decidedly imperfect.] 

For producing cold and dry sulphur dioxide, free from 
sulphuric acid, such as is specially useful for preparing liquors 
for manufacturing wood-pulp, Ncmethy (Ger. P. 48285) 
recommends the combination of a sulphur-burner, cooled from 
the outside by water running down \hc sides, with a chamber, 
placed underneath, filled with iron borings in which the 
sulphuric acid is retained. From here the gas passes through 
a number of c flat, perpendicular, Foil boxes, cooled by water 
r-ming, down their sides, and then into the apparatus, where 
it is to be absorbed by‘milk of lime, etc. 

\V* Maynard (patented as a communication to A. M. Clark, 
No. 6982 of 1884) draws the gas out of the chamber where it is 
generated (by burning sulphur in cups) by means of a goose¬ 
neck pipe leading from the top of the chamber to a closed box 
provided with a funnel delivering into another box below. 
Water is discharged by a pipe into this funnel, which has 
grooved sides, so that the liquor running round as well as 
downwards forms a vortex, and draws away the vapours 
generated in the t burning-cTiamber. This arrangement is 
evidently not intended for sulphuric - adid making, but for 
preparing a solution of sulphurous acid. 

Brochon (Fr. P. 355 2 5 2 :./- - sV - chn,L In,L ' K ^° 5 ’ P' " 7l) 
burns sulplnr (or pyrites) with an ^excess of air under such 
pressure that the product coivFls partly of strong sulphuric 
acid, and even, under favourable conditions of SO.,,, at least in 
the early s‘ige of the process. The powdered sulphur (or 
pyrites) is blown through a vertical tube into a horizontal tube, 
narrowed to a small aperture, and removably fitted to the 
wall of a chamber. Air under pressure, say 10 atmos., is 
forced in through the horizontal‘tube, both , from its bottom 
and from the end, supplying an excess of air. I he vapours 
escape through a narrow channel at the farther end, of the 
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retort provided with a perforated dish a, in which the sulphur 
is placed. B is a Korting’s injector, made of regulus metal (5 
lead, 1 antimony), which by means of a steam-jet aspirates air 
through the holes b b into A and causes the sulphur to burn. 
The vapours ire forced downwards in the ir.ier tube of the cast- 
iron cooler C, whilst cold water flows in the annular space 
between tl»c two tubes, entering at the bottom and running out 
at the top. The box D, on which the cooler is mounted, serves 
for retaining any sublimed sulphur and other impurities. From 
here a tube leads the purified SO, to the place where it is to be 
utilised. 

The Nemethy burners, Korting burners, and others, are 
especially used in Germany and Austria for the manufacture of 
bisulphite of lime, to be employed in the manufacture of paper- 
pulp (called “ cellulose ”) from wood. A number of other 
burners serving for this purpose are described in the Papier- 
Zt '.,. for 1894, pp. 1478 and 1830. , 

Fahrner (Ger. 1 \ 183703) describes a burner for sulphur, fed 
by high’-pressure air. The burner consists of a hoiizontal, cast- 
iron box, containing a perforated grid, upon which the melted 
sulphur drops, air being blown in at the bottom. The grid, 
\vhich gets red-hot, and on which the gases and vapour are 
spread out, effects a complete combustion. 

Marsden (for Paul and Tromblee, Airier. P. 749311^ burns 
sulphur in a vertical revolving cylindrical retort, with longi¬ 
tudinal and transverse partitions, forming a chamber for the 
holding of a liquid Brass, opening into an oxidising chamber; 
within which is arranged a melting-tank, connected by a pipe 
with the retort. 

Blumenberg (Amcr. Ps. 734397 , 708512) describes a sulphur 
burner with the«ordinary appliances. 

F. A. Clayton (Ger. P. 194948) places on the sulphur burner 
a self-regulating valve for the admission of air, a little above the 
burning charge. One end of a pipe is fixed to oik; of the walls 
of the burner ; the»other end passes freely through the opposite 
wall and bears a plug, with a lever attached. A second tubn is 
placed within the first and connected with it by a peg ; asbestos 
packing fills the concentric space betwe'en tha tubes. The inner 
tube is kept cool by a currgnt of water At its end, where it. 
comes out of the outer tube, it beais the. eye of a lever, ifi con- 
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nection with the end of the outer fiiipet and the other end of this 
lever in connected with the ay-inlet valv'e. The outer pipe 
expands by the heat of the burning gases, while the inner pipe 
remains much as before; the movement, caused by the expan¬ 
sion of the outer piye, communicates itself to the kver and thus 
to the air-vulva. Hence, if the temperature of the burner reaches 

a certain point, aic= will enter 
into the upper part, or else 
the inner, water-cooled pipe 
is placed somewhere else 
below or outside the burner, 
and the expansion of the fur¬ 
nace bottom itself is utilised 
for bringing the aforesaid 
valve into action. 

The Schujte and Koert- 
ing Co. in Philadelphia«eup- 
plies a sulphur furnace, shown 
in Fig. 76, made entirely of 
cast-iron. The lower part 
contains a pan in which the 
sulphur burns. A steam-jet 
exhauster a, draws the gas 
through the cooler b , placed 
above the pan, and dis¬ 
charges it under pressure of 
about i£ lb. of water through 
the outlet pipe c. As the 
exhauster creates an inward 
suction, there is no escape of 
smelling gases from the fur¬ 
nace. The object of cooling 
the gas {d shows' 1 the water 
inlet) is to protect the exhauster (which is partly pifide of lead) 
and to prevent, the gas from reaching the saturating-tanks 
at^too high a temperature. By taking off the top-cap, the 
exhauster and the' whale apparatus .is accessible for cleaning 
and renewals. vTJiis* furVia'ce is made‘in three sizes for burning 
uo, 20, or 40 lb. of sulphur per hour, and is specially intended 
for the manufacture of sulphites. - 
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O. N. Witt (Ger. P. 186337) proceeds as follows, in order to 
avoid in the burning of sulphur the formation of (lowers of 
sulphur, which means both a loss and trouble caused in the acid- 
chambers through a skin of sulphur covering the acid and prevent¬ 
ing its contact with the chamber gases. For this purpose the 
sulphur is first melted and then issues through a circular tube, 
surroundediby a second tube through which passes steam or air 
unefer a pressure of several atmospheres. This converts the 
issuing sulphur into a cloud, consisting of microscopically fine 
droplets, which on burning yields SO, completely free from 
sulphur vapour. If that cloud is not lighted, but passed into 
cooling-chambers, an exceedingly fine powder of sulphur is 
obtained. ’ 

Savage (Airier. P. 841576) describes a sulphur burner, rock¬ 
ing on a fixed base. 

The Chemigche Fabrik Scheiing (Ger. P. 191596), for the 
■ eonF-’uouj burning of sulphur in air or oxygen, employs a 
furnace, surmounted with a dome, in which a sieve is moved 
backwards and forwards in a horizontal direction. The sulphur, 
in the state of powder, is introduced in a regular way, and below 
the sieve meets air, blown in by a pump, where it at once burns ; 
part of it passes into the state of vapour, but this is also burned 
in the furnace, which is filled by a “ sea of flame,” so that the 
oxygen is quantitatively converted into SO,. 

Tufts j (Amer. P. 891115) introduces into a furna’ce for 
burning sulphur the gases obtained from a pyritic smelting 
furnace, after passir^; them through a dust scpa # rat,.r, and. 
thereby effects concentration of the* SO., and equalisation*’of 
the temperature. 

Lyman (Amer. P. 5/11735) attains she complete combustion 
of brimstone by cunning the .melted S, together wif'n air, into a 
chamber, so that the S is converted into spray and intimately 
mixed with the air. 

The Sje’n-enburger Maschinenfabrik (Ger. P. 196371) 
describe the.sulphur-burner shown in Fig. 77.. The sulphur is 
introduced at /, and ignited through the opening ;/, air bejpg 
supplied by pipe a. Tho S 0 2 escapes, by pipe b\ and molten 
sulphur collects at the bottom of the lufnace., liresh sulphur is 
introduced through e into the funnel /, the lower end of which i« 
luted by the molten sulphftir in c. Tim upper portion the 
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funnel is water-cooled by the tank o'. Compressed air may be 
introduced into the pipe b, to tjurn any sulphur sublimed there. 
Clark (Amcr. P$. 952098,952099,952100) admits hot air into 

the sulphur-burner, in 
order to effect the com¬ 
bustion of any vapour¬ 
ised sulphur, and keeps 
the gases at about 1100°, 
in order to decompose 
any S0 3 that may have 
been formed. His fur¬ 
nace comprises a pre¬ 
liminary combustion 
chamber, and a second 
combustion chamber 
into which the products 
from the first chamber 
are directed. Means 
are provided for the 
■ Fig. 77. admission of hot and 

cold air, and for the regulation of the furnace temperature. 

Grimm’s sulphur-burner ( 15 . P. 10774 of 1909; Amer. JP. 
957418) consists of a combustion chamber suspended in the 
upper part of a metal jacket, through which water is made to 
flow'. ’ The sulphur is contained in a loose tray, sligjitly raised 
above the floor of the chamber, and air is supplied under 
pressure. , The gas passes out of the furnace and then back 
thorough a number of cooiing-pipes situated in the lower part of 
the jacket; any proportion of air may be mixed with it by 
means of a valved by-phss from the air-supply pipe. Molten 
sulphur may be supplied as required from above by means of a 
screw valve. The supplies of air and sulphur are thus under 
perfect control, and any desired temperature rriay be main¬ 
tained, gas, of any desired concentration beiog continuously 
produced. , 

, Westgate’s burner (B. P. i7348.-of 1909) is very similar to 
the preceding. • * 

Contamin (Amer. P( 996215) employs for the production of 
€0 2 for fumigating, etc., a corr^bustion-chamber containing 
supdtposed plates to hold 'the burning sulphur and baffle-plates 
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to give the gases a zig-zag course through the chamber ; then 
follows a chamber with cooling-pipes around which the gas 
flows ; from this the gases pass through a pipe with reticulated 
terminus into a dust chamber, provided with baffle-plates, from 
which they arc taken by means of a pump into a refrigerating- 
chamber containing baffle-plates and cooling-pipe... 

Oddo (li. 1 ’. 21255 of 1908 ; Ger. P. 225321 ; Fr. P. 397450) 
des?ribes brimstone burners, similar to the Maletra and 
Herreshoff burners for pyrites smalls, both for operation by 
hand, and in circular mechanical furnaces with four stories, 
provided with a vertical spindle with radial rotating arms. 

He discusses his processes for utilising raw brimstone ores 
directly for the manufacture of sulphuric acid in Client. Zcit., 

1910, pp. 505-507, 5'4-5'5- 

Stebbins (Amur. P. 934700J supplies fused sulphur to the 
burner automatically and continuously, without opening the 
front door, which always causes irregularities in the entrance of 
air. The proper quantity of air is constantly introduced, and a 
mixture’of SO., and air of perfectly constant composition is 
produced. • 

Thalin (Norvv. 1 ’. 20450) burns sulphur vapour with the 
requisite quantity of air in a revolving drum ; the noil-oxidised 
sulphur vapour is precipitated in a special chamber and burned. 

G. E. Miller (Amcr. P. 1018255) provides brimstone burners 
with an automatic feeding arrangement, and with a meclianical 
agitator operating beneath the surface of the burning sulphur. 

Feld (B. P. 21996 yf 1911) burns the sulpnur in tyo phases. . 
In the first place, only so’much air is introduced as is necessity 
to produce a sufficient degree of heat. I'lic mixture of sub¬ 
limed sulphur with SO„ thus obtained is completely burned 
into SO., in a current of preheated air. . 

In Germany, in 1900, thirty-three paper-works made sulphite 
cellulose (wood-pulp) by means of brimstone, of which they 
consumed 15 ; 0<90 tons per annum, whilst other ^hirty-three 
works employed for that purpose 70,000 tons, pyrites. Both 
kinds of works together produced 350,000 tons of wood-pulp per 
annum. 

In the United States' that industry is als® very largely 
developed. 
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>- » Residue from Rprimstonc-B’urners. 

The following analysis of the residue from the sulphur-burners 
has been made by Richardson (Richardson and Watts, Chemical 
Technology, vyl. i, part 5, [). 198):— 


Sodium sulphate 1 
Calcium sulphate 
Calcium silicate - 
Sodium silicate . 

Ferric oxide and alumina 
Water and sulphuric acid 1 
Insoluble 


Cooling the (las from 


■ ’ 13-77 
28-49 
15-91 

1- IO 

2- So 

I3-05 

24-29 

99-4 • 

Brimstone-Burners. 


A special cooling of the gas from sulphur-burners for manu¬ 
facturing sulphuric acid (as distinct from that of bisulphite of 
lime) is, as a rule, not only unnecessary, but even injurious; so 
that, for instance, in the furnace shown in Figs. 62 to 65 
(pp. 39^1 397)'the vertical metal pipe conveying the gas to the 
chamber had to be protected against cooling by a brick jacket. 
Even where no'tooling takes place by water-pans, steam-boilers, 
etc., the gas gets into the draught-pipe sometimes at only about 
too or 120 C. temperature, which is just sufficient not to allow 
the nitric acid to condense before it gets into the .-chambers, 
a contingency decidedly to he avoided. Where water-tanks, 
acid-pans, etc., are used, the temperature .of the gas is said to 
come down as low as 4o"'C.; in this case only liquid nitric acid 
can be used for the chambers. In Blair’s or Glover’s continuous 
burner the temperature” certainly rises much higher; and in 
this case a cooling arrangement; such as thftt described, was 
formerly thought indispensable, before means had been found 
of utilising the heat of the gases in a Glover tower'or otherwise. 
In the preceding descriptions of other recchtly 'constructed 
burners the cooling of the gases is several times mentioned. 

4 ' 

1 The sodium sulphate and the fiee- sulphuric acid (or rather the acid 
sulphate) evidently come from-the nitre-poU boiling over. 

2 The lime no doubt partly comes fiom the brickwork o%lhe furnace. 
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B. Tin*: Production of Sulphur Dioxide from Pyrites, 
i. Breaking the P\rites. 

The pyrit 'S, as it comes into the market, is always suffi¬ 
ciently pure to make a separation from gangue unnecessary, 
except in tjie case of pyrites picked from coals (“coal-brasses,” 
p. 65); but this is only a locally used by-product. 

It is, however, always necessary to break up the larger 
lumps in order to burn the pyrites completely; and this is 
always done at the works themselves—except in a few cases, 
where they buy smalls direct from the mines. The majority of 
the factories break the ore by hand ; and it is found that 
various descriptions of ore behave very differently in that 
respect. The Norwegian ore Is the hardest; here the large 
lumps have to J>e broken with great labour by means of 20-lb. 
forehainmers. The Westphalian ore js much more easily- 
broken—still more easily the Spanish and Portuguese and 
some of* the French ores; these, however, make a good deal 
more smalls, 10 per cent, and more. The softest ore is that 
from Chessy, consisting of loosely aggregated individual 
crystals, which by a blow of the hammer fall to powder. Some 
of the Spanish ores are equally roughly crystallised ; these ores 
an: very troublesome for use as lumps. 

In England the ore is generally broken so that all the pieces 
pass through a sieve with 3-in. holes. On the other hand, as 
few smalls as possible are made. The broken or.e must be. 
sifted again to separate* the smalls, 'for which purpose softie 
works pass it through a 1-in., others through a j-in. riddle. 
What remains on the‘riddle is lump,; what passes through, 
smalls Jincs or <hst. Each of, them has to be treated separately. 
It is very important that the ore he used neither in too large 
nor in too small pieces. In the former case it does not burn 
right through ; there remain green cores in the interior of the 
cinders, which can .be seen on breaking them igp. These large 
lumps also get too hot on burning, and may cause the formation 
of slags (scars) by production of FeS, as will be subsequently 
explained. If, on the other hand, the jfteccs ^rcitoo small, they 
prevent too much the access of air, and similar results follow in 
this as in the former case. • 
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It is quite obvious that the pyrites burners can be worked to 
full advantage only if the ore is in pieces <of as uniform size as 
possible, and it would hence be the best plan, although it is 
hardly practicable in reality, to separate the broken ore into 
a number of sizes, to be burnt in separate ki'ns. At Oker 
formerly the tore was .broken to walnut size for the grate- 
burners, as shown later on. For deep kilns, as nouf altogether 
used there, the ore is broken into pieces of 2i in. size. The 
fines, sifted through J-in. sieves, are burned in a Rhenania 
blende furnace [cf. later on). 

Owing to the great manual labour required for the breaking 
of pyrites, mechanical stone-breakers have been introduced for 
this purpose, quite similar to those which are used for road- 
metal. One of these machines is that of Flake, built by Messrs 
Marsdcn of Leeds, which is shown in Figs. and 79. This 
machine is made of various sizes, and accordingly varies in the 
amount of work turned out and in the size of stones r iL can 
attack. A and B are the two active parts, the “jaws.” A is 
fast and perpendicular, B movable, and makes with A an angle 
of 72 , by oscillating a little round the fixed shaft D. This 
movement is communicated to the jaw B from the main shaft, 
H, by means of the angle-lever, Eli', and the crank motion, 
GH, so that the angle-lever presses the jaw B against the stones 
charged, the return motion of B being caused by a spring, F, 
cased 'in india-rubber. The angle-lever is adjustable by the 
wedge, N, lying behind its arm E'. The roller, C, causes the 
broken stones to be regularly ejected ; it receives its motion by 
a belt front the main shaft, by means of the pulleys, K, L, and 
the expanding roller, M. The crank-shaft, IT, is also driven by 
a belt from the fast and loose pulleys, 11 '. The machine is 
mounted off a four-wheeled bogie. It makes,, a great deal of 
noise and needs frequent repairs; but the jaws, which princi¬ 
pally suffer, are so arranged as to be easily replaced; 

Blake’s engine has been improved by Broadfyent & Son, of 
Staleybridge, who have replaced the spring bedded in india- 
rubber by a simple, easily-adjustable lever arrangement, which 
saves labour as Compared with the original contrivance. Output, 
according to size*, from 40 to 130 tons in ten hours; price ^140 

to .6375. 

At Oker, a steam-engine of 12 h.p. drives two stone-breakers, 




• Fig. 79- 
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mounted one above the other. The ..higher one breaks the 
large stones roughly, the lower one down -to the proper size. 
They supply, in the case of very hard ore, of 2) in., 60 tons, 
with milder ore, 72 tons per shift of ten hours. 

A crushing-mill was invented by Motte, at Dajnpreny, near 
Charleroi, which has ,been improved by the Markische 
Maschinen Fabrik (Gcr. P., iCth October 1887 ; Dintf. polyt. J., 
ccxxvii. p. 58). The principle is that of a peculiar kind *of 
mortar, with hollow bottom, in which the crushing is done by a 
pestle, as seen in Fig. 80. Whether 
this mill is really preferable to the 
older stone-breaking machines, ex¬ 
perience will show. 

Durand and Chaptal’s stone- 
breaker consists of a number of 
hammers attached to a horizontal 
revolving shaft. It is said to [uake 
less dust than other stone-breakers. 
The smallest apparatus breaks from 
8 to 25 tons of stone in ten hours, 
with an expenditure of 2 or 3 h.p., 
the larger size from 80 to 130 tons, 
with 6 h.p. 

Vapart’s breaking-mill (address, 
“ Chenee, Vicille Montague”) works 
centrifugally. 

Tne Humboldt Engineering Co. 
at Cologne (Ger. F. 1906, 1 3 th January 1878) manufacture stone- 
breakers which do twice the work of those formerly in use, with 
the expenditure of the sanje force. 

Other improvements in stone-breakers have, been invented 
by Brown ( Scient. Aincr., 1879, p. 194) and Welter (Ger. P. 
7494, 5th March 1879). . • 

A machine very much recommended is Breuer’s “Sectorator ” 
(Ger. P. 304/7) supplied by Ernst Maetz, Berlin*. S.W. As 
shown in Fig. 81, it contains a straight breaking-jaw, a, firmly 
connected with the solid frame, whilst the movable jaw, b, 
is suspended in,.two 1 steel trunnions, and is partially revolved 
against the jaw, a, thus crushing the material. The angle 
between the two *jaws is father acute, so that large pieces 
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are easily caught and carried forwards towards the bottom 
slit. If both jaws are arched, the material, especially large 
pieces, would be able to escape upwards for a long time, until 
gradually broken up. The width of the bottom slit is 
adjustable by a wedge even during work, so that any size 
can be obtained. The plate c behind the excentric sheave, 
which is .easily exchanged, is of cast-iron and of a smaller 
s?ction than any other part of the machine subjected to a 
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breaking-strain, so that in ca-c of excessive strain by the 
passage 'o f a foreign body (iron, etc.), that plate must give 
way before <vy other part of the machine 

Even at some large works they prefer dispensing with 
mechanical stone-breakers, principally for two reasons. The 
first of these is that they make more dust than breaking by 
hand ; but since dust L now even more' profitably burnt than 
pieces, this r ason is no longer valid, 'fhe other reason is, 
that at large works thewe is always a certain number ^rf mAi 
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who are incapacitated for other wofk nr who are temporarily 
unoccupied, and these are best set to stone breaking, 


2 . P Y K ITUS - 1 ! U U N K KS KOI; I.UMPS. 

Among the apparatus for burning pyrites in the manufacture 
of sulphuric acid, a distinction has to be made between those 
intended for lump;; and those intended for smalls. It fs 
indispensable to keep both kinds apart, and to employ 
different apparatus, or at least processes, for them; for if 
the broken ore is put into the burner without separating 
the smalls, the air-channels, which ought to remain between 
the pieces, are soon pardy stopped up with powder, and 
the access of air becomes irregular; thus scars are formed 
and proper work is then impossible. Apart from the coarser 
and finer powder obtained on breaking, a great deal of 
smalls comes into the trade direct from the mines, obtained 
there by the use of water for separating the ore from the 
gang tie. 

Wherti cuprepus pyrites is roasted without any regard to 
the utilisation of the sulphur, the only object being the 
extraction of the copper, usually no regular kilns are employed 
at all, but the ore is burnt in “ heaps.” This was formerly ' 
done on an enormous scale in the south of Spain ; but the 
damage to health and vegetation was so great that a law was 
passed compelling manufacturers to abate this nuisance. In 
ofder to avoid the necessity of building the very large number 
of closed kihis which would be required for that purpose, 
various proposals have been made. We quote that of Fleming 
(B. P. 10153 of 1887). Above the roasting heap,and extending 
downward over the whole portion (about one-third) which emits 
the fumes, is suspended an iron.hood, lined with tar and painted 
outside with a non-conducting material. The hood is supported 
by chains from two pairs of shear-legs, and the whole is 
strengthened by iron stays. At one end of the hood is a pipe, 
by which the roaster gases are led to condensing-flues, where 
arsenious acid separates out, and thence into vitriol-chambers. 
If the gases contain aft excess of air, they arc taken through 
calcining-furnaces ; if the amount of air is insufficient, more can 
bfe supplied by regtllating-dampers in "the flues. [Apart from 
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all other objections to this process, the “iron hood lined with 
tar ’’ is sure to be not very durable ] 

The burning of pyrites in lumps (pieces) for the manufacture of 
sulphuric acid is always done in such a way that the combustion 
heat of the pyrites is utilised for maintaining the process 
without employing any extraneous fuel. The apparatus used 
for this purpose are called “kilns” or “burners.” In the first 
eciition of this work (pp. 151-154) there will be found a 
description of the old and now abandoned kilns, with many 
diagrams—as the burner originally employed by Farmer, 
the first shape of tall kilns without grates, the Oker kilns for 
roasting the Rammelsberg ores. These kilns (except Farmer’s) 
are constructed without grates ; they are still used for roasting 
poor ores, lead-matte, etc. In the same edition there is a 
description of the Belgian hearth-furnaces and of the Marseilles 
furnaces, both of them very faulty and quite antiquated (pp. 

157«nd < 158). This also holds good of the various descriptions 
and illustrations of “ Freiberg kilns,” ^till given in our second 
edition (pp. 214-218). Instead of these, 1 am enabled, through 
the kindness of the respective authorities, ta show the kilns 
now used at Freiberg and at Oker, at the Government works 
carried on at those localities. 

For poor ores and intermediate products which must be 
treated at metallurgical works (pp. 112 ct set/,), furnaces are 
required of a different kind fiom the grate-burfiers now 
universally employed for good pyrites in lumps. The style 
of kilns now used at the Muldenluitten near Freiberg is shown 
in Figs. 82, 83, 84. They serve for'poor iron-pyrites containing 
blende and arsenical pyrites*, as well as for lead- and 
copper-matte. 

The grate formerly employed ai Freiberg has’been replaced 
by slanting cast-iron plates, g. The air does not now enter 
through special channels, but through the discharging and 
working Foies, a shows the charging hopper, h, the channel 
through which the charge gets into the kiln, 4 the exit channel 
for the roasting gases, d openings for spreading out the charge, 
e working-holes, / discharging-holes. Each kiln roasts about 
25 cwt. of pyrites per twenty-four hoitrs; 5,kilns are combined 
in a set. The sulphur is roasted off to 4 or 5 per cent, left in 
the cinders. * 
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For richer and purer pyrites, at Freiberg grate-burners are 
employed, consisting of 3 kilns, with 25 £q. ft, grate surface 
each, and a distance of 4 ft. from the movable grates to 
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shallower kilns (the ore lying 6 ft. deep) for the richer ores (de¬ 
scribed, p. 115). The English grate-burnerr, formerly employed 
at Oker, have not been found suitable for this class of ores. 

Kilns of the just-described kind have been found indispens¬ 
able for roasting poor ores, matte, etc., wherejthe sulphuric 
acid is a by-product and where the heat generated in the 
process is less than when roasting ordinary pyrites, containing 
at least 40 per cent, sulphur, usually a good deal more, sdeh 
as is now universally employed for the manufacture of sulphuric 
acid as a principal product. For such richer ores the kilns 
or burners ought always to be constructed with grates and 
ash-pits. This causes a considerable improvement in the 
working of the furnaces* Where the air has merely to pass 
through a mass of burnt ore, its quantity cannot possibly be 
regulated at tire inlet, but only by dampers at the other end of 
the furnace. It is even a mlire serious disadvantage that in 
this case the subdivision of^he air inside the burner mi|>t be 
very irregular. According to the greater or smaller resistance 
offered by the individual portions of the layer of pyrites, the 
air will* pass through very unequally, and in less quantity 
at the places where most pyrites is lying and where it is most 
required. The introduction of a grate and a closed ash-pit 
alters the state of the case at once, in this way, that only a 
definite quantity of air need be admitted into the ash-pit, and 
that, mivcovcr, this air must first spread equally underneath 
the grate and rise all ovef the area of the burner, "thus the 
ore is much more, completely‘burnt, and at the same time 
richqj' gas is‘obtained, which leads to a betfer chamber-process, 
higher yield of acid, and smaller consumption of nitre; the 
operation of drawing out ^he burnt ore becomes much more 
regular and offers a greater guarantee against i;aw ore getting 
into it ; lastly, it does not* happen, so often that fused masses 
("scars") arc formed in the burner, although also .in'the case 
of grates this easily happens if the method of wording is faulty. 

The introduction of grates led to further improvements—to 
begin with, a diminution of the height of the burners, which 
madfc them much .handier for working, and which acted 
especially well whh more, easily fusible ores, although in some 
places the other extreme of too low layers of pyrites has been 
resorted to. 1 ,. 
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The different descrif tions of grate-burners which were in¬ 
troduced into England about i860, and have been employed 
up to this day both there and in many factories abroad, are 
shown in Figs. 85-K9. 



Fig. 85. 


Figs. 85, 86, 87 show a somewhat simpje construction, 
which can be made with open sand-castings; Figs. 88 and 89 
a more expensive kind of front plates, requiring planing, 



turning, etc.: the latter are much neater aim cleaner, because 
no putty is required for the doors. • Som.etipies these front 
plates, however, become a little warped, and then the doors are 
not tight without putty. * 
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Fig. 85 shows two burners in front elevation and one in 
section,, (he first burner without doors. Fig. 86 is a cross 
section, showing two rows bach to back ; Fig. 87 a sectional 
plan, half taken just over the grate, half through the middle of 
a door, a is the working-opening, with the door which slides 
in the grooved ledges, c c, provided on the front plate. The 
small door d, only to be used exceptionally, is arranged ill 
precisely the same way. The openings of the brickwork inside 
are protected by small metal plates; c is the movable cover 
of the ash-pit, provided with air-holes; f f are the grate- 
bearers ; the front bearer, /, at the same time carries the 
bottom plate for the front wall, and is perforated with round 
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holes; while f f dfre cut out in semicircles. The arches are 
sprung parallel with the working-doors, and by the draught- 
holes, g g, are in connection with the gas-flues, h h. The 
latter, like the burners, arc cased in metal plates ; they are 
covered with fire-tiles. < 

A somewhat more costly but more perfect arran'gement is 
shown in Figs. 88 and 89, in front elevation and two sectional 
elevations, a is the working-door, with the; small,slide b for 
observing the interior of the burner; it turns on hinges, and, 
as shown in Fig'. 88, lies on a projection of the front plate, 
slanting forward towards the bottofn; all the metal parts 
cqming into contact are planed and faced, so as to close air- 
lights The doorsY c for the grate Vinci d for the ash-pit are 
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constructed in the same way, whilst the rarely-used doors c 
and / (the latter for the gas-flue) are made in the simple 
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manner shown in Fig. 86. The burners are supposed to be 
the last of the row; so that the nitre-oven ,y, with the semi- 
cvlimlrical trough //, the saucer /, and the hopper k are 
immediately joined to them. 

The diagrams are all on a 
scale of j to 50. 

English pyrites - burners 
generally have a moderate 
area of grates, about 4 or 5 ft. 
wide, and 4! to 6 It. from 
front to back. The inner 
walls sometime 1 rise quitv 
perpendicularly; more fre¬ 
quently the two sides and 
the back slant a little out¬ 
wards, up to the level of the 
working-door, to the extent 
of 6 or 9 in. in width, and 
half as much in the back ; from that hfvel the walls rise again 
perpendicularly up to the roof. The front wall, which is only 
9 in. thick, and mostly ffl-otected by a 1 -in. or if-ii\<<mctal* 



Fig. 8y. 
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plate, rises perpendicularly, and js p&rforated by several work- 
ing-hglqs. The ash-pit has either vertical sides or, more rarely, 
sides converging towards the bottom, in order to facilitate the 
removal of the cinders. Its depth varies from 16 to 24 in. 
The level of the y/orking-doors, which cicterrrrnes the depth 
of the layer-of pyrites, varies from 1 ft. 8 in. to 2 ft 6 in.; 
but the former depth is considered by most English acid- 
makers too little,-at any rate for average ores, and they prefer 
a depth of between 2 ft. and 2 ft. 4 in., but nearer the higher 
than the lower limit. In Germany, the depth of ore is only 

1 ft. 6 in., even down to 1 ft. 4 in. (cf p. 434). The reason 

for this is the fear of scarring, which English experience with 
the same ores proves to be unfounded. The height from the 
upper level of the ore or to the abutment of the arch is usually 
about equal to that of the working-door, say g\ to 12 in., and 

from there up to the crqwn of the arch another 8 or 9 in. 

The arch itself is either sprung from side to side^ as*-is the 
custom on the Tyne (whereby the walls are made to bear the 
weight more equally and the working through the doors is 
facilitated), 05, as is usual in Lancashire, from front to back 
(which is more advisable in the case of two rows of burners 
being built back to back, in which case the arch is sprung ov.er 
both burners together, with a supporting wall in the centre). 
In any case it is advisable to build the burners back to back, 
even With arches sprung from side to side, wherever it is locally 
possible ; thus one back wall is saved, the heat is kept up better, 
,and a common gaS-flue can be employed., 

'•The gas-flue oT the English burners is always at the top, 
each burner-arch having,a hole of 4 to 5 in. square leading 
into it. These holes are-not always provided with dampers; 
but by gradually increasing the size of the holes as the 
distance from the main shaft becomes greater, regularity of 
draught is produced. The flue itself can be m'ade of bricks 
set in tar and sand, and covered with fire-tiles.- Most modern 
works prefer forming it by a second arch, about-6 or 12 in. 
above the burner-roof, reaching right across the whole burner, 
and supported by the front plate being fnade high enough. 

The principal feature of the Engfish pyrites-burners, which 
is found in all continental works as, well, except in some burners 
‘for metallurgical 'purposes-(MansfeKi or Freiberg kilns), is the 
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' employment of grate-bars A square or oblong section, movable 
in bearings, and leaving larger or smaller spaces between them, 
according to their position. (According to Ilasenclever, in 
Hofmann’s Her., 1875, i. p. 158, movable grate-bars have been 
used in Franc** ever since 1848.) Fig. 90 represents.such a 
grate-bar, showing also the parts which are forged or cast with 
a'circular section, so that they can easily turn in the respective 
holl&ws of the bearers. Bars 2 in. square are usually made 
of wrought iron; the oblong bars, 2 by 3 in., which, being 
turned on edge, leave a larger space, and therefore only suit 



Fig. 90. 
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Fig. 91. 



4 Fig. 92. 


larger pieces, are mostly of cast iron. The grate-bars lest on 
cast-iron bearers, as shown in Pig. 9 1 1 the shallower 
kilns (4. 1 . to 5 ft. from front, to back) there are Ifco such, in 
the deeper kilns (5 ft. 3 in. to 9 ft. from front to back inside) 
three. According to this, of course, tvvo^or three rounded places 
must be maije c.i the bars themselves. Lest these should be 
weakened too much, the diameter of the rouijd parts in the 
square bars is made equal to the side of the square, in the oblong 
ones equal to the smaller side. In any case the front piece 
of each bar, where it projects beyond the bgauing-bar, has a 
square or oblong section, so that it can be turned round its axis ^ 
by means of a suitable key (*Fig. 92). The intervals betwee* the 
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grate-bars are mostly managed so »that with 2-in. bars they 
are about 2 in. when the bars are in the situation shown in 
Fig. 93; but if they are turned 90", as in Fig. 94, the intervals 
will only amount to ij in. In another actual instance the 
diameter of the bars was 1 j in., the clear distance,in the straight 
position if in., in the diagonal position 1 in. If, lastly, the 
situation is as in Fig. 95, where half of the bars are tl turned, the 
intervals will be .between the two above limits; and as each 
bar can be turned separately, many combinations can be 
produced. Usually the bars stand as in Fig. 94—that is, all 
with their diagonals in a horizontal plane, or with the smallest 
possible intervals, so that the pieces of ore cannot fall through. 
As soon as a portion' of the ore has to be removed, the 


LI LI Ul_'] ' J J U J 

Fig. 93. 



Fig. 94. 
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attendant takes hold of fne front end of the bar with his key, 
and moves it a few times from side to side. Thus a kind of 
crushing action r .vill be, exercised on the cinders getting 
between the two bars, the intervals are momentarily enlarged, 
and the cinders jammed between the bars are forced downwards. 
Of course great bodily exertion is required fyr this work. At 
the same time, by the action,pf tjie key, the pyrites is loosened 
up to a certain height. The workman now goes .from one bar 
to another, generally leaving one out, and shakes them, accord¬ 
ing to his judgment, so far that an equal quantity pf burnt ore 
is drawn out ah over the area of the grate. That which has 
fatten through is allowed to lie in the ash-pit till the time comes, 
once every twenty-four.hours, for opining the bottom door and 
taking away the cinders. 

A. new shape of bars, which was oaid to possess great advan- 
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tages over the ordinary s.tgular ones, was patented by VV. Helbig 
(Dingl. polyt /., ccxxvii. p. 67) and is shown on p. 2 v of our 
second edition, but omitted here, as it seems to have found no 
practical application. It was a cast-iron bar with a worm- 
thread all romd it. v 

A burner patented by Harlan & Grenshaw (Cer. P. 100243) 
contains Ijollow grate-bars, with tapering, narrow chambers, 
risPng vertically nearly to the top of the layc* - of pyrites, so that 
the air enters not merely at the bottom above the grate, but 
also higher up, nearly to the top of the pyrites. 

Ur Burgeineistcr (private communication) employs bars 
made of a cruciform section. When turning these round, the 
smaller pieces easily fall through ; the larger lumps get between 
the bars and either pass through on turning back or are 
crushed. The following diagram shows the different positions 
of the bars: , 

f + + + 

• • 

X X X X 

It is a great improvement (but rarely met jvith, because it 
necessitates a somewhat complicated plant) if the ash-pit is deep 
enough for introducing an iron bogie below the grate whose top 
equals the whole surface of the grate in size ; the ash-pit door, 
oi course, must be correspondingly large. The cinders in that 
case fall direct into the bogie, and can be wheeled out ifi a few 
moments ; otherwise they have to be raked out by hand, during 
which time the door must stand'open, and much false air get* 
into the burner. Where'there are not two rdws of burners built 
back to back, it is possible to charge on one side and discharge 
on the other; but there is not much advantage in this arrange¬ 
ment, which takps a great deal of space. • 

The discharging of the burr ' ore (cinders) is sometimes 
expedited’ by iron bogies running on tramways, which are 
introduced^ into the ash-pits, and into which the cinders fall 
when the grates are shaken. This very good plan necessi¬ 
tates a system of tramways and turn-tables, as well as a 
lowering of the whole door. The following simple and equally 
efficient plan seems therefore worthy (T recopinjendation. It is 
a tilting-box (Figs. 96 and 97). There are two independent 
parts:—first, an iron bo*, of suitable dimensions, witj* two' 
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outside pivots near the upper edge ; secondly, a light but strong 
wheeled frame, which ends in forks fitting under the pivots. As 
shown in the diagram the whole is used like an ordinary iron 
wheelbarrow on any hard ground. Hut by lifting up the handle 
the box is first lowered to the ground, then the r urks slip out 
and the frame tan be rim back. Similarly, the box is taken up 



Pig. 96. 



Fir,, 97. 

again by running the fratpc in, and depressing the* handles till 
the forks take, hold of the pivots. The boxes can be made to 
fit into the ash-,nits, and the cinders discharged into them 
directly from the grates. Of course other applications of this 
barrow will be found useful in chemical vVorks. 

In order not to ,bc obliged to opetf the whole ash-pit when 
shaking the bars, all the best furnaqes are provided with a slit 
in the* front plate" through which file ends of the bars are 
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accessible. Except whilst tlye bars are being shaken, the slit is 
covered by a door, tfhich is best made in two halves. . , 

Special arrangements for preventing the blowing-out of sul¬ 
phurous gases .—Norrington (B. P. 4131 of 1S78) makes the ash¬ 
pit doors to slide in horizontal frames, and connects ail the doors 
of a set of burners by jointed rods, so that they can all be moved 
together i» a horizontal plane by means of an endless screw 
an 3 gearing at one end. All the ash-pit doors are thus opened 
and shut at the same time. This is always done whenever any 
one of the working-doors is opened so that no gas can blow out, 
as the air cannot enter in any other way. According to infor¬ 
mation from Messrs Charles Norrington & Co, Plymouth, this 
arrangement effects a considerable saving of nitrate of soda 
and of sulphuric acid; owing to the regularity of draught, 
all kilns burn equally well. This statement is confirmed by 
Dr Ballard (Report to the Local ; Government Board, 1879, 
p. i8c<>. 

According to a communication from fdr K. Walter, a simple 
means of preventing the blowing out of gas at the working-door 
during charging is this: to arrange a flue underneath the 
burners, in connection with the chimney, which is opened during 
the charging just sufficiently to prevent any blowing out at the 
woiking-door. Less gas is lost and less nuisance is produced 
in this way than is otherwise the case from the working-doors. 
With disarrangement the ash-pits require only loosed/put-011 
wrought-iron doors. 

In England it would probably not be allowed to discharge 
the gas into the chimney, even for a short tunc: this objection 
is overcome by the following plan : — 

Ilasenclever ( Client. hid., 1S95, p. 494) describes the following 
arrangement foi»preventing any escape of gas from the burner- 
doors into the working-shed during the time the doors are open 
for charging." In some cases the chambers are placed high 
enough ovi;r<tlse burners (say, at least, 18 ft. above the floor) 
to secure sufficient draught at all times ; but ei^cn then the false 
air entering during the time of charging may be troublesome 
in the lead chambers, The device proposed Dy J urisch ( Udid¬ 
dle Gcfahrcn fur die Arbeiter in chniiisthcn lytbsHni, p. 37) that 
a by-pass should be made ,/rom the burners directly into th« 
chambers, which should bc^opencd by means of a dam pen*; very* 
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time a burner is charged, is altogether impracticable, and is 
evident)^ not practised anywhere. The difficulty, however, is 
solved by connecting, during 'the time the kilns are being 
charged, the ash-pit (by means of a special flue) with a chimney 
producing but little, draught, so that no burner.,gas is drawn 
downwards into the flue, and the chimney, but the burning of 
pyrites in the kiln is interrupted. 

This is done at.the Rhenania Chemical Works by means of 
the arrangements shown in Figs. 98 to 101, which, at the same time, 
illustrate the form of burners (p. 428) frequently employed on 
the Continent, where the burners have a common gas-space, the 
pyrites lies on the grate in rather shallow layers (19A in.), 
and the cinders are removed by means of bogies run under¬ 
ground into the ash-pit. The burner-gas in the ordinary way 
passes from the dust-chamber through pipe h into the Glover 
tower. Each time the cinders are let down into the ash-pit by 
shaking the grate-bars, damper b c d e (Pig. 100) is shut down, so 
as to close flue / against the outer air, but not hermetically, and 
damper S is opened, which leads through g into a cnimney, 
which fs not connected with any furnace, and is only 25 or 30 
ft. high, so that it just projects over the roof of the shed. The 
small quantity of air which enters round damper b c d e is 
partly drawn into this chimney, and the pyrites consequently 
burns so slowly that no gas issues from the doors a , <> v a,,, ti. s . 
The men now charge the burner with fresh pyrites through 
these doors, shut the doors, let down damper S, and raise 
damper b c d c, whereupon the evolution of sulphur dioxide 
recemmencts, and goes on all the more regularly the more 
„ burners are united in the same set. F.xperience has shown that 
no sulphur dioxide is drawn down into f g during the operation, 
so that none can escape through the special chimney. 

The Stassfurter ChemisTic Fabrik, vormals Vorster & 
Gruneberg (Ger. P. 100708), employs a flue connecting two sets 
of burners, or the single burners of a set, below the level of the 
grates. In this case, when the charging-doors of .one burner 
are open and those of the other burner are shut, the air-openings 
below the grate being shut in both, the second burner will draw 
its supply of air, frpm the first, through its open doors, so that 
tip gas will blow out of these. 

Zs.velberg (Get P. 170602) shifts the pyrites cinders from 
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the burners into air-tight cooling-c^iantbers; the SO, is passed 
back to,t)ie burners, and the dust is drawn v>ff by suction. 

In properly constructed pyrites-kilns, all doors for charging, 
working, shaking of the bars, and getting out the cinders either 
run horizontally in grooves, or, still better, they, are hung on 
hinges; and the door-frame, cast upon the front plate, is made 
to slant , forwards below, sometimes also sidewajs, ao that the 
door lies fast upon it by its own weight. As both the door¬ 
frame and the edges of the door touching it are planed, the 
doors close tight without any luting, whilst those running in 
grooves must be made tight with lime-putty. 

All brickwork, so far as it is affected by the heat (that is, the 
walls above the grates, the arch, and the gas-flue), is lined with 
fire-bricks ; the total thickness in front is one brick, behind (or 
in case of a partition between two rows of burners) two bricks. 
The side walls dividing cqcli two burners of a row are i \ or 
2 bricks thick, but they diminish upwards to one brick). The 
roof need only be 4! in. thick. The mortar is fhe-clay, as 
usual; in the colder parts, such as vertical gas-shafts, flues, etc., 
this does not stand so well as boiled-down tar and sand. 

F. J. Falding {Min. Iud. vii. p. 6G6) constructs the first 
layer behind thccast-iron front plates of hollow' bricks, so th^t 
air-channels are formed from the grates upwards to the top of 
the burner. This keeps the burner-room cool and easier to 
work in', at the same time obtaining heat for concentration in 
acid pans on the top of the burners, or for increasing the 
efficiency of the Glover tow'er, or for supplying the burners 
theftiselves with hot air, which is an advantage in some cases. 

■ Zanner {Z. nngeiu. Chem., 1907, pp. 6 ct set/.) urges the 
prevention of losses of heat in many parts of the sulphuric 
acid plant, especially tlje pyrites-burners, by suitably coating 
them with bad conductors of beat.' 

Of course the burners arc well bound togelhfcr, either by 
special uprights and tension-bars, or by flanges-cast to the 
front plates, provided with holes for the cross-bars (Fig. S7, 
p. 4 j 6 ). _ 

Opinions as to What .w 'se the burners "pre to be made vary a 
good deal. F’rsquently "smaller burners are met with, about 
4> ft. 6 in. to 5 ft. from the outside, to the inside of the back 
wall. *'The reason given for this is that longer grates cannot be 
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served so well, and that in a larger burner the newly-charged 
ore forms too shallow a layer (the depth of the whole layer of 
pyrites, including the partially burnt ore, is not in question 
here). I have, however, for many years employed larger burners, 
nearly 6 ft. from the front to the back end of the grate, and 
have burnt :ny ore better than the majority of other works 
using the ^mailer burners. Certainly, the usual 7-cwL charge 
hatl to be all put in at once, whilst in the smaller burners it is 
introduced in two halves every twelve hours; and many 
practical men assert that a twelve-hours’ is preferable to a 
twenty-four hours’ charging; but this is not borne out by 
experience. It is, however, a decided mistake to try burning 
a much larger charge on the larger grate, say 8 or 9 cwt. This 
can only be done with poor ores, such as are not in use at the 
present day, except locally; richer ores, especially those con¬ 
taining copper, are sure to be fluxed by the heat getting too 
high, *md cause the greatest trouble. As a result of long 
experience, I am inclined to consider a grate-surface of 4 ft. 
6 in. by 5 ft. 8 in., and a depth of pyrites of 2 ft. 3 in , very 
favourable for burning 7 cwt. of 48 per cent. Spanish ore', chang¬ 
ing once every twenty-four hours. 

The rate of burning just mentioned equals 30 lb. of 48 per 
cent, pyrites per superficial foot of grate in twenty-four hours. 
With poorer ore (40 to 42 per cent.) I have certainly burnt in 
the same grate 8 cwt. ( = 35 lb. per square foot), and with 38 or 
40 per cent, ore even 9 cwt. ( = nearly 40 lb. per square foot). 
In England the maximum quantity of pyrites burnt per squaae 
foot of grate will very rarely exceed 40 Tb. of 48 per cent, 
pyrites; reliable figures from one of the largest works are 35^ 
and 39 lb. In German works, according to Hasenclever, using 
Westphalian pyrites, the proportions were 41-6, 44-5, 57-8, 60-3, 
and 65-0 lb. (Wagner’s J/thresher., ’871, p. 212). Bode {ibid. 1874, 
p. 245) quotes for Westphalian pyrites of 41 or 42 per cent. 
50-7 to 64-p lb ; for Norwegian ore of the same strength, 38-3 
lb.; for Valais or-, with 35 per cent, sulphur^ up to 92 lb. per 
square foot in twenty-four hours. Favre ( Monit. Sa'cnt., ^876, 
p. 271) states as the most favourable ratio in his experience 
55.3 lb. of 40 per cent. Pyrites per square jbetf in twenty-four 
hours. 

At the Oker works, in *1901, the roasting area of tin., thre^ 
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deep kilns (p. 422) serving for a chamber set of 5289 cb.m, 
amounted to 33-55 superficial metres, that -is 0-00634 superficial 
metre per cubic metre of chambers. The quantity of ore roasted 
per square metre in twenty-four hours was 0-45 ton copper-ore, 
0-50 ton pyritic leaej-ore, 1-40 ton copper-matte,. i-6o ton lead- 
matte (if. p. 11.5 on the composition of these ores). 

In 1902 the Rhenania works at Stolberg considered 200 kg. 
Westphalian pyrites per superficial metre grate-surface as l he 
normal quantity ; with 230 kg. the degree of dcsulphurisation 
was somewhat less. The former is = 40 lb., the latter = 46 lb. 
per superficial foot. 

In England a number of years ago many pyrites-burners 
were made about 33 in. wide and 26 in. from front to back 
at the fire-bars, but 42 in. square at the level of the bottom of 
the charging-door, giving aslope of 6 in. back and 9 in. side¬ 
ways. Later on burners were made larger, say 39x42 in. at 
the bars and 4S x 51 in. at the charging-doors, many going up 
to 54 in. wide and 60 or 66 in. from front to hack at the fire¬ 
bars. The smallest sizes burn about 4 cwt. of Spanish ore 
= 44 lb. per square foot in twenty-four hours; the largest 
sizes 7 cwt. = 31 lb. and upwards per twenty-four hours. The 
most usual size.is about 16 to 18 sq. ft. at the fire-bars and 
22 to 24 sq. ft. at the base of charging-doors, burning 7 cwt. 
daily = 37 to 41 lb. of ore per square foot. This is about the 
maximum for rich ores consistent with proper freedom from 
fluxing, but poor ore may be burned in larger quantity (Thorpe’s 
Diet, of Applied Chemistry , iii. p. 719). With the very well¬ 
burning Agnas Tenidas ore Davies (Chem. Engineering, ii. 
p. 124) states the proper charge = 2-3 lb. per square foot per 
hour=55 lb. per day, in which case the cinders tested 1 per 
cent. S. ■■ , <> 

Sets of burners .—It is he-rdly necessary to say that the 
pyrites-burners are always built in sets. Usually twelve to 
twenty-four burners are served by the same set of.,men; and 
they must be worked so that every one gets its regular turn, 
as is evident from the necessity of a regular evolution of gas. 
Frequently the burners ^re built underneath the acid-chambers. 
Not only must they hi ally case be protected by a roof against 
rain (if not placed underneath the chambers), but they must not 
‘stand.jn a space bpen at the sides,-since strong winds would 
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interfere with the draught, .nd cause them cither to go too fast 
or to blow out at the doors, ' It is best to protect them by light 
walls or by a brattice with shutters adjustable according to the 
direction of the wind. 

As the drawings of the English burners (pp. 425 cl scq.) 
show, each burner is independent of the* other, and they do 
not communicate one with another, but only with the common 
gas-flue. Each burner, then, ought to have its own damper,' 
which is not always the case. On the Continent, frequently the 
single burners are separated merely by low walls ; the ore in this 
case lies only about 18 or 20 in. deep on the grates, and the 
whole set is like one large burner with a divided grate (p. 434). 
It is, of course, in this case not possible, as on the English 
system, to treat each burner individually, to give it more or 
less draught, to isolate it for repairs, etc. Nevertheless this 
system is in favour with some of the more experienced Conti¬ 
nental manufacturers, who say that 18 in. depth is quite 
sufficient for the rich o'res, now universally employed, and that 
the connection of the gas-space of all burners into one whole 
is preferable to the English system, because one burner can 
aid another and the whole is visible at a glance. Evidently 
this system, of which good illustrations ate giycn in Figs. 97 to 
100, p. 435, answers its purpose as well as the English; and 
in a special case, in which I saw a set of English burners 
working alongside a set of burners of the kind just described, 
the manager informed me that he picferred the latter, because 
it was easier to regulate the ‘draught than with the English 
burners. * • ' . 

In Continental works possessing no Glover tower it is usual 
to concentrate the chamber-acid # tip to 144" Tw. in leaden 
acid-pans, whifh arc mounted on the top of the burners, and 
are heated by their waste heat. Of all plans for concentrating 
sulphuric acid this is, as we shall see later on, the cheapest, 
only excepting the Glover tower. There is no reason why such 
pans should not be placed on the English burners as well; but 
even before the Glover tower made the use <?f lead pans super¬ 
fluous to a great extent, the above arrangement does not’seein 
to have beer, practised* in England,.where, however, the space 
on the furnace-arch is otherwise usefully employed for drying 
“ balls ” frorp pyrites-dust, etc. There are also, as we shall sae 
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in Chapter IX , sometimes reasons against placing the pans on 
the top of the burners. 1 , 

The ‘‘potting**- of. tin: mixta/ 1 of sodium nitrate and sulphuric 
acid (liquid nitric acid is not used in England for this purpose) 
is now nearly always done in such a way that the burners are 
not disturbed by it. ' Formerly the pots were frequently put on 
pillars between two burners, with a common gas-space; these 
were provided with special potting-doors in the burner-front, 
and cast-iron dishes as saucers for receiving the stuff that boiled 
over; these saucers were inclined towards the doors, so that 
the nitre-cake could not so easily run into the burners; but 
it got out of the doors, which made them look very dirty; and 
ultimately it also got into the burners themselves. None of 
the better factories have this arrangement now, but all pots 
belonging to a set of burners are placed in a separate “ nitre- 
oven,” which is nothing but an enlargement of the gas-flue, and 
either situated over the burners or on pillars outside thq.same. 
The latter is preferable', for also here ihere is always a metal 
saucer provided for catching the boiling-over nitre-cake ; this 
may be cracked before it is noticed, and much nitre-cake may 
get into the burners, doing great damage. If the arrangement 
is similar to Fig, 88, p. 427 (where, by the way, the nitre-pots 
are replaced by a better contrivance to be subsequently 
described), no risk of the above-mentioned kind is run. 

Favrp (. Monit. Scient., 1876) reports that the works in the 
south of France use pots' of 2 ft. 7A in. x 1 ft. 6 in. ‘x 12 in., 
standing on a bridge between two burners ; and he also 
mentions the drawback of boiling over into the burners. This 
would show that those works, even in 1876, were in a backward 
state. 

Special nitre-ovens are quite unnecessary where the nitric 
acid is charged through tne Glqver tower, as we shall see in that 
chapter. In Chapter V. we also describe special shapes of 
nitre-ovens. 

Spend Shapes of Pyrites-burners. 

A'ddie (B. I’. 180 pf 1886) describes q peculiar pyrites-burner. 
It consists of a cupola, brought to a white heat, in which the 
pyrites is charged ‘ together with sandstone or other slag- 
producing material* and is burnt by-a hot blast, the cinders 
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being reduced to a molten slag which is run off from time to 
time. Unless this, apparatus was intended for some very 
special purpose, not apparent at first sight, it must be pro¬ 
nounced as impracticable so far as the chemical manufacturer 
is concerned. 

The methods described in the patent ot Hargreaves, Robin¬ 
son, and Hargreaves (B. i\ 5681 of 1886) for treating pyrites, 
art evidently less intended for the manufacture of sulphuric’ 
acid than for the recovery of arsenic, antimony, copper, silver, 
and gold. A whole set of burners is combined in such a way 
that the air or the gaseous products at first formed can be 
successively passed through them in regular rotation. The air, 
previously heated in recuperators, • passes downwards, first 
through nearly exhausted ore, afterwards successively through 
ore containing more sulphur. The residual ore is treated with 
acid gases, in order to bring thd metals into a soluble state. 
For details we must refer to the patent specification. 

Explosive pyrites (<f pp. 80 and 106) ft treated by the United 
Alkali €0. (B. V. 7915 of 1905) by previously heating for twelve 
hours on hearths, placed below the gas-flue near to the’pyrites- 
burners, on a higher level, so that the pre-heated ore which 
has now lost its explosive property can be shifted downwards 
into the burners. 

Burners for Roasting Copper-matte— llaegc (Berg u. Ilutten. 
Zeit., 1893, p. 383) describes the process introduced by him at 
Briton ferry, near Swansea. The copier-matte produced there 
could not be roasted in Mansfeltl kilns, nor in ordinary pyrites- 
burners. The desired result was rbtained by increasing, the 
heat, in the first instance by a suitable treatment of the matte,, 
and in addition to this by improving the construction of the 
burners. The .matte was rendered porous by tapping it on to 
a sand-bed slightly moistened agd dusted over with fine coal. 
It was then crushed by a Blake’s stone-breaker, in which one 
of the corrugated faces had been substituted for a smooth one, 
so that flat more tightly lying pieces were obtained, which were 
separated from the -malls by a riddle witfi meshes of j- in. 
width. The burners -were of the ordinary shape of English 
pyrites-burners,described above, but of slightly.different dimen¬ 
sions : —Grate-surface 4 ft, 3 in. by 4 ft, 4 in.; area at the level 
of the upper,working-surface 5 ft by 4 ft. V in.; heigly, frorrf 
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grate-bars to the upper working-surface 2 ft., to spring of the 
arch 3 ft. 4 in., to the crown of the arch 3 ft. 8 in.; smoke-flue 
at the lowest point 6 in., at the ‘nighest 1 ft. 4 in.; total outside 
height 7 ft. 10 in. The heating-up takes place from the top, 
exactly as described in the text; the burners are ready for 
work in two or..three days. Each burner then receives a charge 
of from .6 to 7J cwt. of crude matte every twelve hoprs. After 
three hours everything becomes red-hot,after six hours a bright 
cherry-red heat is attained. Now the interior of the burner 
is worked up through the middle door by means of a steel 
poker, 2i in. thick, pointed at one end ; any lumps formed are 
broken up ; and this working over is continued through the 
upper door. After another two or four hours the heat is at its 
maximum ; the upper working-door is now mostly at a dark-red 
heat. Then the heat decreases. Eleven and a half hours after 
charging the grate-bars are’ turned and shaken, in order to 
remove the roasted matte, and after twelve hours a new .charge 
is made. There is no picking out and recharging of imperfectly 
roasted matte, since everything is well finished. The draught 
must be well regulated; there should be a slight plus-pressure 
within the burner. In this way mattes containing from 20 to 
47 per cent, copper are treated. The poorer matte yields rather 
hotter and better gas and more sulphuric acid than the richer. 
With 20 per cent, matte the roasted product contains 9 per 
cent, sulphur, with rich matte it contains 11 per cent, sulphur; 
both are at once ready f6r the concentrating work. ' From 40 
per cent, matte about 47 or 48 j)er cent, of the weight of roasted 
matte is obtained'in the shape of chamber-acid of no" Tw., 
with consumption of 0-8 to i-o nitre per cent, of chamber-acid. 
The gases arc hot enough,to thoroughly decompose the mixture 
of nitre and sulphuric acid in the nitre-oven and to denitrate 
the acid in the Glover tower,- the acid flows from this with a 
temperature of 140° to 155' C. ' 

Working of the Pyrites-burners for Lumps. 

In order to start a burner it is first, if newly built, dried by 
a slow fire in the usual vvay, and then filled with burnt ore to 
within 3 in. below tHe working-door. If no burnt ore can be 
procured, ordinary road-metal, etc., may be taken, broken 
‘sufficiently to pass between the grate-bars when they are 
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turned. The draught-hole of each burner is closed by a 
damper, and the Working-door is left open. Then i prdinary 
fuel (wood or rough coals) is heaped on the ore and lighted. 
After twelve or twenty-four hours the burner and the upper¬ 
most layer of the ore will have reached £ dull red heat; the 
rougher parts of the fuel still present are then .drawn out and 
an ordinal charge of green pyrites is put on. By the heat of 
th£ burner walls, that of the ore below, and the fuel still present, 
the fresh ore will soon be lighted ; when it is fully burning, 
the working-door is closed, the damper closing the access to the 
gas-flue is opened, and the gas allowed to go to the acid- 
chambers. Care must be taken in lighting up not to go too far, 
which would damage the burners. 

Thus the process is started; and it is now continued 
regularly and uninterruptedly till it has to be stopped for 
external reasons. Repairs are ver^ rarely necessary in pyrites- 
kilns;* but those of other parts of the acid-making apparatus 
may compel their stoppage. At some English works the 
dampers are put in every Saturday at midnight, and are opened 
only on Sunday at midnight; in the meantime; all other open¬ 
ings are well closed ; and the burner thus keeps its heat so well 
fjiat the new charges at once take fire when brought in. If any 
temporary interruption of work does not last beyond four or six 
days, usually the burners can be kept hot enough in this way 
to be started without any fresh lighting-up by means <if fuel. 

The regular burning-process has a double object, from which 
follow all the precautions to be observed. Tn the first place, the 
sulphur contained in the ore is to be burn! as far as possible; 
and, secondly, a just sufficient quantity of air is to be employed, 
no more and no less'than is require*! for the chamber-process. 
This means, besides the air .necessary for burning*the sulphur to 
sulphur dioxide, introducing «s Much more air as is required for 
oxidising the latter to sulphuric aci^, and, moreover, a certain 
excess o£ nil found necessary in practical work. Anyhow, 
therefore, the air.will be more than just sufficient for burning 
all the sulphur contained in the pyrites; and the second 
condition seems thus’to imply the fir,st. But this can be said 
only for brimstone anc! for pure pyrites .not containing any 
zinc-blendc or galena, etfe.; for only the former can. be 
desulphurised completely by their own hbat of corrJ*ustiort, 
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•The sulphates of iron, which are always partly formed as 
intermediate products, are decomposed again at a compara¬ 
tively low temperature into Fc^O.,, O, and SCX, or into Fc,, 0 ., 
and S 0 3 , for which the heat of the burners is quite sufficient. 
This reaction does not go on quite so easily in tjhe case of the 
sulphides of copper ; but the temperature of decomposition of 
CuS 0 4 is also within a red heat. Moreover the copper-extrac¬ 
tion works do not want all the sulphur to be burnt, but allovC’ a 
residue of from four to at most six per cent, sulphur in the 
cinders. If, however, the ores contain blende or galena, which 
on burning arc transformed into zinc and lead sulphates, the 
burner cannot possibly effect a total desulphurisation; for 
these sulphates are only' decomposed at a strong white heat, 
which is not allowable in a pyrites-burner, and they must thus 
remain as such in the cinders. Furthermore, if the pyrites 
contains calcium sulphate or carbonate, a corresponding 
quantity of CaSO, will remain in the residue. Any barium 
sulphate present would not be taken notice of in the testing of 
the pyrites or the cinders, being classed among the “ insoluble.” 

In the case qf the usual descriptions of pyrites, not contain¬ 
ing any considerable quantity of zinc or lead, the burning of ore 
in lumps will reduce the sulphur in the cinders with good work 
to 3 or 4 per cent. Less than 3 per cent, of sulphur rarely 
occurs on an average of the whole year; but with very good 
ores it may go down to 2?, per cent. At the Rhenania works, 
at Stolberg, even pyrites with 6 or 7 per cent. Zn is burnt down 
t<? 2 or 3 per cent'. S, exceptionally 4 per cent, (information 
received in 1902). 'Most fiequently the limit stated above for 
good work is exceeded; some works leave 6 or 8 per cent, of 
sulphur, and even more, in their cinders, whilst their neighbours 
only leave 4 or 5 per cent, in the same ore. The fault of this 
may be due either to the deserption of burner employed or to 
the style of work. If, by the construction of the burner, the 
pyrites forms too shallow a layer, and this is let clown too soon 
on shaking the bars, it will easily come out badly burnt. But 
even if the burner is correctly built, much still depends upon 
the skill and care of the burner-men. . • 

Excellent results ire obtained with some of the very rich 
descriptions of Spanish non-cupreo.us pyrites which have for 
Some time past cctlnc into the market (p. 81). These pyrites 
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can be burnt down to o ) pej cent, of sulphur in the cinders, so 
that the latter can be sent straight to the blast-furnaces. But if 
this degree of purity is to be obtained, the place in front of the 
kilns, where the burnt ore is drawn out, must be kept perfectly 
clean, so that,no green ore can get mixyd with the. cinders; 
and any portions of these which have been .spilt from the 
'discharging bogies on to the ground must not be shovelled 
batk into them, as they will have some admixture of dust from 
green ore, but they must be put back into the kilns. 

Mow much depends upon employing the ore in neither too 
large nor too small pieces , and upon keeping the pieces of as 
uniform a sirsc as possible, has been mentioned on p. 416. Only 
then will it be possible to regulate bot’h the depth of layer and 
the draught in a satisfactory way. 

Whether pyrites is properly burnt or not can be recognised 
to a great extent by the eve. By the burning-process the 
piecesvswell out and burst; they become light and porous, and 
assume t!ie red colour of ferric oxide, m the case of cupreous 
pyrites a more blackish.red colour. The burnt ore ought 
therefore to consist of light porous pieces of thy proper colour, 
apart from the powder always present in large quantity, which 
ig generally sufficiently burnt off. Already, on taking up the 
larger pieces, their weight will allow a rough judgment of the 
state of the burning ; and this can be more distinctly recognised 
by breaking the pieces and observing whether they contain a 
raw core in the centre. Also the presence of many slags (scars) 
on the cinder-heap is a proof of bad burning! < • 

Important as these empirical signs are, no well-managed 
factory will be satisfied with them, ljut will from time to time,, 
daily or at least twide a week, have the cinders tested, after 
having drawn a»large sample and redqccd it properly. At all 
events the above-mentioned•empirical signs have hardly any 
value for small ore. 

The ch{miml testing of pyrites cinders (Jutrut ore) can take 
place by cecactly«the same methods as described in Chapter 
II. for the analysis of pyrites itself. It is there shown that 
in the case of burnt,"ore more expeditions 'methods may be 
used, and that among tliese that of* WatspntLunge (igniting 
with sodium bicarbonate a»d titrating the undestroyed sodium 
carbonate) seems to be thJ most accurate (p/ioq). •* 
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The sulphur contained in the burnt ore is no longer in the 
shape of FeS.,, apart from any quite raw c<5res in large pieces. 
But even fine or quite porous cinders, burnt as well as possible, 
also those from pure pyrites free from lead, zinc, and lime, 
always contain sulphpr; and as this cannot be present in the 
shape of FeS.,,*the question can only be whether the cinders 
contain FeS or sulphates of iron (most probably bnsic ferric 
sulphates), or both. According to Schcurer-Kestner ahd 
Roscnstiehl {Bull. Soc. Chim., 186X, ix. p. 43), the cinders 
contain essentially FeS; they give two analyses—(i.) of 
properly burnt ore; (ii.) ol an operation carried on too hot, 
so that the ore had fluxed. Both arc from Sain-Bel pyrites, 
containing 46-1 per cent, sulphur in the pieces and 49 28 in the 
smalls. 




I. 


II. 

Moisture 

FeS . 

■ 

10 

8-5 


27.2 

Fe 

• 5-41 


17-3 


S 

• 3-1 i 


9-9 


Oxide of iron 


72-0 


62-4 

Fe 

. 50-4! 


41-0 


0 

. 21-6.) 


21-4 


Quartz c 


18-5 


to-4 



100-0 


100-0 


From these analyses it would appear that there was no 
ferric sulphate whatever in the residues, which is, however, very 
improbable, as sulphate can be' always found by washing with 
water {if. Bode, Diiigl. polyt. /., ccxviii. p. 327, and a number of 
(.analyses quoted in the chapter treating of the recovery of 
copper from the cinders), t 

According 1 to Troost, the first, reaction in«the burners is 
3FeS., = 2S + F'c..S 1 . Regilaulb holds that the sulphide formed 
has the formula Fc 5 S 0 . Lemoine ( Fischer's Jahtesbcr ., 1899, 
p. 355), from observations made in a Maletra shelf-burner (see 
infra), believes that in the upper layers there is. always a 
distillation of sulphur, which afterwards burns with a blue 
flame. Lower down this is no longer, the case, either because 
here most of the»pyrifes its already redheed to FeS, or because 

‘ * The calculation does not agree hei'e ; 62-4 l'e.4 ) :i would contain 
43.68 Pc. '■ 1 
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the temperature is too low and the supply of oxygen too great • 
for the formation of free S. Ferric oxide appears onJy after 
roasting for two and a half Hours. The action on pyrites 
seems to commence from the outside, where there is combustion 
into Fe. 2 0 .„ aivj the action of the heat thereby produced on the 
inner part brings about a decomposition into FeS and S. The 
S distils aivl burns outside, the FeS is oxidised by tin- Fe 2 0 ,, 
whfleh is again reformed by the outer air. , 

Richters {Dit/gl. polyt. /., exeix. p. 292) quotes the following 
analysis of burnt ore from the Silesia works at Saarau :— 


Water . 

+35 

Iron 

43-36 

M anganese 

0-16 

Silica 

I. 3-92 

Alumina . 

4-84 

Lime 

0-02 

Zinc oxide 

8-83 

Sulphur trioxidc* . 

4-35 

Sulphur . 

1-53 

Oxygen and loss . 

. . lS-(>4 

Nickel and arsenic 

traces 


100-00 


Phipson gives the following analysis of residue from Irish 
pyrites {Chan. AY.v.v, vol. xviii. p. 29):— 


» t 


Zinc oxide 

5-50 

Cupric oxide 

2-86 

Manganese*oxide . » . 

.* i-6o 

Nickel and cobalt oxide . 

0-12 

Cadmium oxide . . * . 

. 0-01 

Lead oxide 

1-67 

Antimony oxide . . 

0A04 

Ferrous oxide . , . 

117 

Alumina . 

3-25 

Sulphur . 

260 

’Thallium . 

traces 

"Indium* . 

. < traces 

Gangue . 

15-00 

Ferric oxide * 

65-99 

Lime 

, o-ii 

Magnesia. 

o-oS 


* 100-00 









448 the Production of sulphur dioxide 

All that has been said (cf p. 4^.5) respecting the maximum 
of sulphur in the cinders to be aimed at’ only refers to the 
burning of pyrites proper—that is to say, of ores containing 
essentially FeS,, and employed exclusively as a raw material 
for vitriol-making, i;i which case the cinders rye as good as 
worthless, Just in the- same line are those cupreous pyrites 
, (with lees than 4 per cent, of copper) whose coppur can only 
be extracted by the wet process ; for these the above-mcntioiied 
rules for the sulphur in the cinders are equally valid, llut the 
case is quite different with a number of ores where the residue 
from the burning is regarded as by far the most important 
product, and where the gas is only a by-product, often only 
converted into sulphuric acid in order to get rid of it. To this 
category belong blende, copper-pyrites, coarse metal, etc. Here 
the burning-down to the above-mentioned minimum of sulphur 
is partly not possible, partly not even desirable (as for copper- 
pyrites); and there exist for each case definite rules,'which, 
however, do not belong to the domain of acid-making, but to 
that of metallurgy. Even where a larger percentage of sulphur 
is required for- further metallurgical operations, it is more 
rational, so far as concerns the acid-maker, in order to save 
labour, burner-space, etc., to burn the material as well as 
possible, and to supply the necessary sulphur afterwards by 
adding a little green ore; thus, for instance, the copper- 
extraction works proceed when they receive the cinders too 
far desulphurised. The case of zinc-blende is a special one 
and will be dealt with later on. 

We now' pass bn to the second fundamental condition of 
proper work in the pyrites-burners, viz.., that neither too little nor 
too much air he employed. At this stage W'c leave out of con¬ 
sideration the absolute quantity of air. required, and only treat 
of the practical rules and of'the'appearances observed in the 
burners themselves. I f tqo little air is admitted, whdther'because 
too few holes in the bottom door have been opened, or the 
damper in the draught-hole has not been snough drawn, or 
because the pipes are stopped up with dust, or the draught in 
the whole chamber 1 system is insuffieieht from one cause or 
another, the same thing will happen as in the case of suiphur- 
bueners when they get too hot: sulphur will sublime as such, and 
will be deposited in the flues, the dust-chambers, the Glover 
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tower, or the chambers themselves. It is, however, a more fre¬ 
quent and serious consequence that, in the case of insufficient 
draught, the often-mentioned s/ags or scars are formed. These, 
as Scheurcr-Kestner and Rosenstiehl have shown {loc. at .), con¬ 
sist mostly of ryu motiosulphidc, FeS,which 4 s necessarily formed 
when FeS., is heated, with exclusion or kisufficicnt supply of air, 
together wiih free sulphur. It is easily fusible, and fluxes in the 
burners to more or less large cakes or scars, upon which the air 
has practically no action. The FeS fluxes all the more easily, 
as in the case of insufficient supply of air, where no cooling by 
the excess of air takes place, more heat is developed in certain 
places than when the supply of air is abundant. The scars 
mostly enclose some green pyrites, and in this way cause a 
further loss of sulphur. A much greater loss is occasioned by 
their stopping the passage of air, so that the ore above and 
below a scar is very incompletely burnt. The heat is locally 



increased and driven further down than it ought to be ; the 
zone of combustion is removed further downwards; and on 
letting do'yn the ore the pyrites partlygeomes out incorripletcly 
burnt. If seal's have formed in the burner, they naturally 
descend as the cinder;, are let down, and the)' would.ultimately' 
lie immediately on the grates and entirely stop them up. I his, 
however, must be prevented by all means. A careful workman < 
always breaks up the surface of the okl ore before putting in a 
fresh charge; atfid thus he finds out \yhcther any' scars have 
formed, wlych mostly takes piace' near the surface : they can 
then be easily brought to the surface J>y means of hooks and 
pulled out at? the door. But if they had been overlooked at 
first and have got lower down, in doing which, they constantly 
increase in size, their removal is more difficult. Then a very 
large and heavy poker ,of the best tough ircSn (these arc made 
up to 12 ft. long and 2 m. thick), bent in the* way shown in 
Fig. 102, is introduced intO’*the burner through the charging' ^ 
hole, and the' men work ’it till they have got the paint a 
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underneath the scar. Several mep, working at the end b , then 
try to lifr up the scar, in spite r of the resistance of the super¬ 
jacent mass of pyrites. This labour is very disagreeable, 
exhausting, and difficult. The middle doors, between the 
charging-door and the grate, found in all pyrites-burners, are 
only used in extreme cases. 

In the low burners mentioned on pp. 428 and*434, where 
the ore lies only at a depth of 20 in., scarring is next to 
unknown, at least if the ore is very carefully sized, so that all 
passing through a Tin. riddle is kept out. This agrees with 
the facts which will now be explained. 

Apart from other causes, the supply of air in a burner may 
be insufficient because the ore lies too deep. As the depth of 
the ore depends upon the vertical distance between the grate 
and the working-door, it follows that for ores behaving very 
differently in this respect differently built burners must be used. 
Thus the deep burners built for Irish pyrites had at once to 
be given up when Spanish pyrites began to be used. With 
the same height of pyrites which was just right for the 
poor ore, in order to keep the heat better together, the rich 
cupreous ore, in itself more fusible, became far too hot, and, 
moreover, the air could not pass through quickly' enough -to 
make a complete burning of the ore possible at every point; 
from both causes combined followed this effect (easily compre¬ 
hensible after what has just been said), that the scarring became 
excessive. It is always much more feasible to bum poor ore in 
ft shallow than rich ore in a deep burner. 

'Insufficiency of draugftt, if very considerable, will be easily 
recognised by the gas blowing out of all the joints of the 
burners, and especially 'coming out in force- whenever the 
working-doors or the bottom door are opened. On the other 
hand, the draught should net be so strong that too much air 
will get into the chambers; the gas ought to be kept as rich as 
possible, as \yill be shown hereafter. It may be ■assumed that 
the draught is just right, if, on opening tho small slide in the 
working-door, neither gas nor flame issues from it, nor, on 
the other hand, the flames inside the burner perceptibly tend 
towards the drsught-hofe. They ought to rise up perpendicu¬ 
larly and quite steadily; and on opening the door they may 
even'^end slightly towards it. As, however, the exact regula- 
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tion of the draught can only be effected by regulating the hole;! 
in the bottom door,"and as on each opening of the doors above 
or below the grate much more air must get in than is necessary, 
of course the periods during which the doors are opened should 
be restricted as much as possible, and the,charging;, shaking of 
the grates, and discharging managed as quickly ns possible. It 
is very advisable to close the holes in the bottom door completely , 
wltile the top door is open, or to proceed in the way described 
on pp. 433 ct set/. If the draught is not very copious, whenever 
the door is opened, there will be no room for so much air 
rushing in, in consequence of which a portion of the gas will 
rush out and get into the burner-house; this is both a loss and 
a nuisance to the workmen, and, in case of greater quantity, 
also to the neighbours. 

For regulating the supply of air several plans are possible. 
The regulation takes place either bo fore the giate, by the boles 
in the. bottom door, or behind the grate, by means of the 
damper ill the draught-hole or that in the large chimney behind 
the chambers, or else by fan-blasts {if. Chapter V.). Regulation 
behind the burners is only available where all the burners have 
a common gas-space ;■ otherwise the draught through the 
chimney or fan must be equal to the maximum amount 
required for all the burners, and must be changed according 
to the atmospheric conditions, each burner being regulated 
separately. This would be done best and most safely by the 
dampers in the draught-holes^ connecting each burner with 
the gas-flue; but these,are rarely used for this purpose; tlufy 
would have to be ‘made very tight-fitting, and ‘then wbuld 
easily get fast by lluc-dusl. Therefore here also the draught is* 
made sufficient for 'all cventualition. 1 he real regulation of 
the air, at leas'k generally ui Lnglaml, takes pktte by means 
of the holes in the ash-pit ckioitpof which a sufficient number 
are closed by plugs or otherwise. fjpheurcr-Kcstner went so 
far as to.regalate the supply of air by means ,of a Combes’ 
anemometar; but this can only have been ,done for isolated 
experiments, since such a delicate instrument can hardl) # have 
been kept fit for usq'for any length wftinle in an atmosphere 
thus exposed to acid vapours and to dust. . It*is therefore left 
to the burner-men to open or close the holes in the door* as 
reauired. At the Rhena'nia works (1902)'they regulate the 
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supply of air, apart from the exit damper, merely by a slide 
damper,, shutting off the flue below the grates in which the 
cinder-bogies are placed. 

The supply of air is usually regulated by the following 
practical, rules :—At t the beginning (that is, imipediatcly after 
making a fresh«charge) tire burner does not require very much 
r air, till bhe ore lias caught fire, which will take halftin hour or 
an hour. Then more air must be admitted, always with tne 
above-mentioned restriction: that the flames rise perpendicu¬ 
larly, and tend slightly towards the slide when this is opened. 
When, however, the principal portion of the sulphur is burnt 
and the flames become scarce, the air is altogether shut off, and 
further action is left to the heat of the burner. About two 
hours before it is time for recharging, the working-door is 
opened and the ore is well raked and turned over by means of 
a hook to a depth of 3 or 4 pi., and any small scars are removed. 
If now blue flames appear to any extent, this proves the burning 
not to have been sufficient, and a little air must be admitted. 
When the whole time is up, be it a twelve hours' or a twenty- 
four hours’ turn, the air is entirely shut off at the bottom, the 
small doors covering the grate-bars are opened, and the latter 
arc turned two or three times, leaving each alternate one out;. 
During this the workman must look through the working-door, 
to see whether the layer of ore is let down evenly all over; he 
can easily manage, determined by the eye, not to let the ore 
down too much or too iittle. Then, as quickly at possible, the 
new charge of ore in pieces (usually with a little dust), which 
musi have been lying ready in front of the burner, is put in, and 
the process begins again. ,It is evident that there must be a 
regular rotation, so that <1 fresh burner comes in turn every 
hour or so; this is both indispensable for a regular evolution of 
gas, and convenient for diAtribcting the labour over the day. 

The burner-men ought to shake the grates quite evenly for 
the purpose of discharging, so that the ore does iwt qpme down 
more quickly in one place than in another, and to take care 
that only cold, thoroughly exhausted cinders, but no red-hot 
ore, comes down.' They pught then to work up the ore on the 
top through the tloqrway ‘with their pokers, and rake the surface 
s»as to make it even again. Then,,they must charge the new 
ire equally all over, starting about 2 in. towards the door from 
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the back and the sides. Two men cin attend to n set of 
eighteen or twenty burner*, consuming from 6 to 8, cwt. of 
pyrites each every twenty-fo hours, including the wheeling 
away of the cinders and the potting. 

The interior of a burner, after the throwing-in of a fresh 
charge, is, of course, at first quite black. Gradually small blue 
flames appear, which become larger and more lively ajid cover 
the whole mass. After a few hours they become scarcer again ; 
but the mass in the meantime has become red-hot. Later on it 
cools again ; and towards the end of the period there i-> no 
glowing visible at the surface; but as soon as the mass is 
stirred up the glowing appears again. 

The men like to employ a practicAl test, to convince them¬ 
selves that the burner is not too hot for recharging, in the shape 
of strokes made with brimstone on the burner-door: so long as 
these take fire at once, the burner is still too hot; only when 
they rgmain is it cold enough lor charging. Frequently it is 
necessary to wait a short time, even 'for a few hours, after 
shaking the grate-bars and letting down the burnt ore, in order 
that the burner may cool down a little before recharging it; 
this has the advantage that the top layer, by turning it over, 
is caused to burn its sulphur more thoroughly than it can be 
burnt after cold pyrites has been thrown in. 

Generally it takes some time before the men get used to a 
new kind of burner or of pyrites. If even skilled men a*e taken 
from other peaces, they require special supervision, and still 
more if a new kind of pyrites lufs to be tried; Ifat^ull possible, 
different kinds of ore ought not to be tried mixed up, buUone 
kind adhered to for some time, because only in this way do the, 
men get used to a thoroughly proper treatment of the burner. 
Each kind of pyrites requires a little different treatment as to 
supply of air, breaking up, et<y m ' 

An extremely great help in regulating the burning-process 
is the analysis <jf the gas, which, however, is nearly always made 
for a wholt’.set of,burners together in their common flue. We 
shall enter into the details of this later on. # 

If a pyrites-burner is working proocrly, ic will, if touched 
outside, be so hot in its dpper part (say C iii. bclpw the working- 
door) that the hand cannot be borne upon it; farther down, it 
muit be cooler; and immediately above tilt grates it.ought* 
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to be cold, or at moilt hand-warm. fJ'/tis is one of the most 
important practical signs of the pref er working of the burner. If 
a burner’ is too hot below, this may be due to insufficient 
draught, or (which in the end comes to the same thing) there 
has cither been too much pyrites charged, or there is too much 
dust in the burner, whiejr has stopped up the interstices. Too 
much dijst may come from bad riddling, from too rryich having 
been added on purpose, from the falling of the “ balls " inside 
the burners, or from the decrepitation of “explosive” ores 
[cf. pp. So and io6). 

In any case, the first thing to be done, apart from removing 
the cause of the evil, is to again cool the excessively hot burner. 
Above all, more air must be admitted ; and, in order to drive 
up the heat more certainly, the new charge must be kept back 
a little, and no fresh ore put in the middle, but only along the 
sides and the back of the burner. It always takes one or two 
days, sometimes longer, before a burner has recovered its 
normal temperature. 1 In specially obstinate cases there is 
nothing for it but making very small charges for a day or two, 
till matters have come right again. Some prefer taking out 
the ignited top layer, allowing it to cool a little, and putting 
it back into the, burner, which in the meantime has received 
more draught, owing to the lower depth of ore, and thus has 
become cooled. 

If a 'kiln is allowed to go too hot for any length of time, 
whatever may be the csiuse (want of air, too large charges, 
shopping up by dust, bad breaking up), the consequence will 
always be the same, viz., increased scarring , with all its un- 
.pleasant accompaniments. I have had to deal with cases where 
the scars became so abundant that the burner had to be put 
out, the grates had to be drawn, the whole of (the stone taken 
out, and the burner freshly filled up. 

■ Of course it also sometimes happens that a burner goes too 
cold and the fresh charges take fire too slowly* This may be 
caused either by insufficient draught or by ^oo small charges, 
and can be easily remedied in either case. If it has, however, 
got so far that the new pyrites will not take fire at all, nothing 
remains but to, pijtdn very hot ore'from some of the other 
working-burners; in this way the .matter may always be put 
'right*\vith some patience, unless lafge scars arc,lying on the 
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grates, or there are other serious faults, »hich must be removed 
before the burner can* bej expected to work properly. A 
frequently employed, but objectionable, remedy against cold 
burners is to put live coals on the pyrites. The carbon dioxide 
produced thereby is a great enemy to the chamber process, 
probably so much by diluting the gas (lor its'injurious 
action is far too great to be attributed to thftl alone), as by 
regaining in the lower part of the chambers and pTeventing* 
contact between the chamber-gas and the* bottom acid, till it 
is removed by diffusion. This point, however, is not yet 
cleared up. 

A pyrites-burner may also go too cold if there is too ninth 
draught— if, therefore, besides the air required for its intense 
working there is an excess, which only acts as inert cooling gas. 
This is a very great fault ; for in this case the consumption of 
nitre is increased and the yield.of sulphuric acid very much 
diminished. Long before the burners cool from this cause, an 
excess of air may become injurious in Mbs way ; and by observ¬ 
ing the flames in the burners (much belter, however, by the 
analysis of the gas), it must be ascertained whether the proper 
proportion of air is present or not. 

Balard reports (Rapports du Jury International) iSt> 7 , vol. 
Vii. p. 29) that in the first trials of 1 ’errct and Olivier for 
employing pyrites in manufacturing sulphuric acid, they at last 
succeeded in properly conducting the combustion, but obtained 
a very Small yield of acid. They ascribed this to insufficient 
draught, and applied a fan-bla«t; but the yield instantly became 
minimal. Now thi other extreme.was tryrd th<y air-channels 
were stopped up with hoards covered with sheep-skins and 
fastened by stays.. At once tlfc chamber process becanfe 
regular, and the key to employing pyrites in the manufacture 
of sulphuric acid was found I’robajdy the previous endeavours 
of Clemcnt-Desormes in tfiis "respect were frustrated by his 
allowing too much air to enter. • 

Objection has been made by some to the •employment of 
damp pyrites (fierl-Stohinann’s Clieuiie , 3*^ v '- P- ' 97 ). 

because in this ease;, on burning, more sulphates are formed, 
which give off sulphur, trioxide; tlfis takes up moisture, and 
condenses as sulphuric acid before getting l’nto the chambers, 
destroying die flues amt so forth. Even \yith dry ore in daiyp 
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weather similar phenomena are said to be observed, and a 
smaller yield is alleged to be the (onsequencc of the moisture 
in the air. On my own part, d have never noticed such an 
effect of damp weather, nor have I been able to learn anything 
about it elsewhere, in spite of numerous inquiries. It is very 
desirable' that this (Joint should be specially examined. The 
formation of sulphur trioxide, as well as the occurrence of 
'liquid sulphuric acid, in the connecting-tubes has certainly bqfn 
established; but it 'has not yet been proved that the moisture 
of the air acts so as to increase that formation, and the con¬ 
trary is more than likely to promote the formation of sulphur 
trioxide. 

People who have no practical acquaintance with the matter, 
looking at these numerous sources of mishaps, may be inclined 
to think that the working of a set of pyrites-burners is a most 
difficult task. Hut it is far from that. If once the burners are 
in order, they rem tin very long so if the burner-men know and 
perform their duty to ?tiy considerable extent, and i f proper 
supervision is exercised over them; the pyrites-burners then 
give even less trouble than sulphur-burners. Certainly, when 
they do get wrong, it takes energetic and experienced manage¬ 
ment to put them right again. 

It will now hardly be necessary to explain in detail why 
there are only narrow limits for each given burner and style 
of charging, within which the quantity of pyrites charged may 
vary {ef. pp. 437 and 438). If too much is charged, the burner 
scars ; if too little is taken, it g<fts cold. When, therefore, for 
any reason the daily quantify of pyrites has to be cut down, it 
is necessary to put out a corresponding number of kilns and to 
flilly work the remainder. Only in the casp of brief temporary 
interruptions is it possible to charge rather less than usual for 
a few days; but 1 would recommend even in this case rather 
to allow the bulk of the burners to go on as usual, and to keep 
the necessary number hot without fresh charges by closing ail 
openings. Then these kilns will be much more easily put in 
order by the assistance of the other burners in full work than 
if they had all cooled down. 

Employment of Prinjstohe together wit& Pyrites. —Westergrcn 
(Swcd. 1 ’. 31999; Clirm. Zeit. Rep., 1912,]). 170) prepares S 0 2 
for The manufacture .of sulphide pulp*£)y roasting pyrites with 
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an excess of air, and passing the gases produced tlirough flues 
in which brimstone, is burned, if necessary with admission of 
more air. » 

3. Burning Pykitks-smali.s. 

We have sfeen above (p. 415) that tilt flne powder which 
passes, say through a i-in. or at most a J-in. ri<ldlc must he 
kc#t out of the ore going into the ordinary pyrites-kilns. The * 
“smalls,” “fines,” or “dust” produced in this way, whether it 
be on breaking the ore at the works or already at the mine, 
must be dealt with separately. 

This can be done in very different ways, according to 
circumstances. Where pyrites-smalls'are not bought as such, 
the question is only about the dust arriving along with the 
bulk of the ore, and also that made in breaking. Much more 
dust is produced when breaking- by machine than by hand 
—viz., up to 20 per cent, in the rfise of middling hard ores, 
and even.more in that of soft ores. Formerly, before rational 
and really satisfactory contrivances for the burning of smalls 
were known, some large factories, which had ah early mounted 
stone-breaking machines, went back to hand-breaking, in spite 
of its costing three to six times as much, merely in order to 
at’oid the excess of dust. This was especially the case in 
factories using soft ores, such as the Tharsis ore; with 
Norwegian ores the advantage was always on the sidy of the 
mcchaniclll breaking, because these aw much harder and make 
less dust. If the quantity of dost going through the smalle/ 
riddle does not exceed fit cwt. to the, ton, it .can be'got ric[ of, 
according to my own experience, u ilhout any special contrivance, 
in the following way ;—The dust is' sifted off as usual, and a 
certain quantity of it is laid down for each burner alongside the 
pieces, If, for instance, the whole cluu'ge is 7 cwt., 6.1 cwt. of 
pieces areuspd and \ cwt. of dust; if more dust than this is 
used, the burner easily gets out of ordir. First the coarse ore 
is charged hs’usual; and then the man throws the*dust with his 
spade along the s/dcs and the hack of the bifrner, leaving the 
whole central part free.. Anyhow, the ore o.ught to be levelled 
with a hook, after throwing in the charge,in such a way as to 
make it lie higher along the sides and back than in the centre 
of the burner. The reason is this: the air entering trom pelow. 
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meets with much less#resistance at the comparatively smooth 
walls than in the centre of the laycp of ore, ^nd it will preferably 
rise along the former; the centre thus will get less air than the 
parts next to the walls. If, however, the ore is lying near the 
walls at a higher level, and especially if the passage of air is 
obstructed by the dtlst lying at those places, the draught will 
be more nearly equalised, and the burning will take place evenly 
11 all over the area of the burner. Of course it wilt not do, to 
proceed too far in this way; nor can it be expected that 
the result is as good as when lumps and smalls are each 
treated in the best way suited for them. 

l)us( made into Balls. 

The arrangement just described does not answer if more 
than l} cwt. of smalls to the ton of pyrites has to be dealt with ; 
and special arrangements most then be resorted to. Probably 
the oldest method, now almost obsolete, is the following:—The 
small ore is, without "further grinding, mixed with, sufficient 
clay to make it plastic, made into a puddle with water, formed 
into balls, and dried on a steam-boiler or pyrites-burner. Rarely 
less than ten per cent, of clay will be required for this, often 
more, up to 25 per cent. The balls are then charged together 
with lumps into the ordinary burners, but never too many 'at 
a time (at most one-sixth part of the whole charge), because 
they fall to powder in the burner after a time, and if used in a 
greater proportion would atop the draught. Only here 1 and there 
is such rich clay found that the balls stand pretty well in the 
burners and can be well burnt off. The workmen dislike them 
very much, because they disturb the working of the burners, 
' even when the abovc-menfioned restriction of their quantity is 
observed ; if a burner is not quite warm, they must at once be 
left off. Some factories, in order to get rid of them without dis¬ 
turbing the burners, burn them by themselves, mixed '.vith “ coal 
brasses” (p. 65)—that is,'the pyrites picked out, of coals, which 
always retains some of the latter, and therefore burns more 
vividly and gives"out more heat than pure pyrites ; but then it 
sends the injurious carbon dioxide to the chambers. Usually 
not much is gained by making the baUs With clay, since they so 
quickly fall to pieces in the burner; and nearly as much can be 
done by throwing, the dust at once litto the burner and saving 
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the cost of making the frills. Only by a* very strong admixture 
of clay can the disintegration of the balls be prevented ; but 
then the loss of sulphur and thi contamination of the'burnt ore 
is all the greater. In both cases the sulphur left in the burnt 
ore rises very much, from 6 to 8 per rent, and more. Where 
the cinders go* to copper-extraction works, the,use of clay for 
■balls is qu^te inadmissible. , 

• Wurtz (Amer. 1 ’. 252287) mixes the,pyrites fines with* 
pulverised metallic iron, moistens the mixture with a solution of 
ferrous sulphate, and allows the whole to he made coherent by 
the rusting of the iron. 

Wiess (Ger. P. 185602) treats the balls made of pyrites- 
smalls with coking substances and liihe, etc., with a solution of 
waterglass, in order to increase their cohesion by the formation 
of silicates. 

Robeson (B. P, 1639 of 1908 ; Ger. P. 23S119 ; Fr. P. 386695) 
makes briquettes from pyritcs-smafls by means of spent sulphite 
liquor fitim the manufacture of paper*pulp as binding agent. 
The liquor is first neutralised by caustic soda or bine, and 
concentrated in vacuo to 30 B. 1 he briquettes obtained are 
hard and not hygroscopic, and the organic matter, introduced 
with the sulphite, aids in the combustion [bijt emits injurious 
carbon dioxide], 

Utley Wedge (Amer. Ps. 804690, 804691, 804785, all of 
November 1905; Ger. P. 181516) employs, as binding.agent for 
pyrites-s*mall,s, feirous sulphate, by itself or mixed with sodium 
sulphate and nitrate, and subjects the mixture to heat, insuffi¬ 
cient to expel the 3 from the pyritofi, but efficient to bin^l the 

mass. , • 

Ricketts and King (Amer. P. 894799) mix the pyrites fines 
with a fusible sulphide or other sulphur compound, and subject 
the mixture, under reducing conditions, to sufficient heat to 
liquefy flic, sulphur compounds. The now coherent mass is 
compressed, into any desired shape. 

Burning Pyrites-smalls without waking them into Baits. 

The making up of pyrites into balls with* clay is connected 
with so many drawback* that sometfiing cist; was soon looked 
for. This was found indispensable where nothing but pyytcs- 
smalls could be obtained*, of where these ceuld be procured so 
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cheaply that acid-makeVs wished to dispense entirely or partially 
with using lump ore. At the pyritbs-mines there were formerly 
enormous heaps of smalls, which were not saleable at all and 
would sometimes have been given away for nothing, just to 
make room. In other places pyrites only occurs in a loos.e, 
roughly crystalline shape ; and, again, in others it is obtained 
*by wet preparation altogether in the state of smflis. Thus 
'there was great encouragement for constructing apparatus «for 
burning small pyrites in large quantities. 

The contrivances for burning pyrites-smalls may be divided 
into three classes, namely, those working by external heat, those 
utilising the heat of ordinary burners for pyrites in lumps, and 
those arranged for burning the smalls by themselves without 
any extraneous apparatus. 

(a) Burning 1 ’yrites-suMlls in Coal-fired Furnaces. 

Apart from the use of "balls,” the oldest plan of dealing with 
pyrites-smalls is that ofVpreading them on the bed of ;l' furnace, 
heated by flues underneath, the fireplace being arranged at one 
end and the pyrites-dust being introduced at the other, and 
being gradually moved forward towards the fire end, as room is 
made for it by drawing out the burnt ore. Since the ore is thus 
turned over many times on its way from one end of the furnace 
to the other, the sulphur was supposed to be thoroughly burnt. 
This is, however, but imperfectly the case, even if the furnaces 
arc made 100 ft. long. Moreover, the cost of fuel ii] the'best case 
is, very heavy (at least 10 cwt. of coal is consumed for a ton of 
pyrit.es, usually much more), so is the cost !>f labour; the con¬ 
tinuous opening of the working-doors causes very much false air 
to get into the chambers, even fire-gases sometimes leak through 
the furnacc-bqttom, and therefore the consumption of nitre and 
the yield of acid arc very bajl. ,We shall, consequently, not 
go into any details respecting these “ muffle-furnaces,""but refer 
to the first edition of this work, where, on pp. i.SC, to 190, the 
Belgian furnaebs, and those of Spence, of Godjn, of Imeary and 
Richardson, are described and partly illustrated by diagrams. 
Since *it has been recognised that no extraneous heat is neces¬ 
sary for burning t pyrifes-»malls, such ftirnaccs must be looked 
uppp as altogether irrational, and thqy are practically obsolete 
now. This, of course, has nothing fU do with the fact that 
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similar furnaces are in u,se for roasting galena and other ores- 
which do require external htbt for the purpose. 

> 

(b) Burning Pyrites-dust by the Heat of Burners for Lumps. 

, This was considered a great improvement upon t.hc older 
methods, but it must be equally pronounced obsolete now, at all 
fevents in t]»c case of ordinary pyrites. We shall therefore treat 
these processes very briefly, referring for .details to the first 
edition of this work. 

The first furnace for burning pyrites-smalls by means of the 
heat from lump-burners seems to have been that patented in 
France by Usiglio and Doily, 24th January 1852, which, how¬ 
ever, did very imperfect work. Much more important is the 
furnace constructed by Olivier and 1 ’erret, which was introduced 
into the majority of French works and was in use there lor many 
years, until replaced by the Maletra burner fide p. 465). 
Olivier.,and Ferret placed above an ordinary lump-burner a 
number Af shelves made of fire-clay, and charged with a thin 
layer (not above in.) of pyrites-dust (for exact description and 
diagrams, vide first edition of this work, pp. 19,3-196). ’ In this 
way it is possible to burn about 1 cwt. of dust to each 2 cwt. of 
lumps, the sulphur in the cinders being reduced down to 4 or 5 
per cent. The whole furnace was originally about 20 ft. high, 
which necessitated a second working-stage above the ground. 
There is, of course, a good deal of labour connected with this 
system. '’Lab# on it was made lower,*and so arranged that all 
the doors were on one side, so that a number of furnaces coukl 
be grouped into a set. * * ' » 

In a simpler form, namely, that of a single cast-iron plate, 
above ordinary lurnpdjurners, this system was introduced into 
some Tynesid-.j works, first by MacCulloch, but was soon 
abandoned again (cf first ecUtiqp, pp. 191-193)- 

Another way of carrying out the same principle was the fur¬ 
nace of Hjsenslever and Helbig (our first edition, pp. 196-201). 
Here, at the end ctf a set of lump-burners, a tower-Iikc apparatus 
was arranged with eight inclined shelves of fire-clay, over which 
the dust was gradually to slide down and to.be? burnt on its way. 
Thus from 10 to 16 cwt.’of smalls were tA be lyurnt for each 48 
cwt. of lumps; but the principle of automatic sliding-down did 
not answer; the motion eff the dust had to be aided by .hand* 
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work, with much introduction of false air ; and although a large 
number of these furnaces were erefcted, principally in Germany, 
they have been almost or entirety abandoned for some time past, 
and we abstain from describing them in this edition. 

(c) Burning f yrite-smalls without External Heat. 

We (dust, in the first place, mention a plan whielvdoes with¬ 
out any special dusjt-burners, and only represents an improve¬ 
ment in making “ balls.” It is based upon the fact that pyrites, 
if it is in the shape of very fine powder mixed with water, 
coheres to a sol id mass wit/tout the aid of any plastic substance. 
The fine pyrites-dust, in the presence of water and air, begins to 
oxidise very soon, even at the ordinary temperature ; thus basic 
ferric sulphate is formed, which firmly cements together the 
separate grains of dust. This only takes place to a sufficient 
extent if the grains of dust are very fine and the mixture with 
water very perfect; and it can never be attained by mcrely,sifting 
and moistening the fine ore. The ore must therefore be ground 
finely with water in a mill, for which purpose usually the 
so-called pug-mills are used, a kind of vertical mortar-mill, some¬ 
times with revolving bottom dish, or, if the dish is stationary, 
with a mechanic?) arrangement for throwing out the mixture as 
soon as it has reached the proper consistency. The pyrites- 
smalls are thrown into the mill, water is run on, and the mill is 
run till a homogeneous mixture similar to fine mortar has been 
formed, which by itself life somewhat plastic properties. This 
rpass is dried in layers of l i'll, thickness on the top of the 
pyrites-burners, often in cakes about 18 tn. square; and after 
, twenty-four or thirty-six hours it has hardened sufficiently for 
use. It is broken up into pieces of the same size as the lump 
ore, and charged together with this into ordinary pyrites- 
burners. in this case it is nqt necessary to observe a certain 
proportion ; for the balls made in this way are so hard’that they 
can be thrown to the ground without being broken ; they do not 
fall to powder in the burners, and burn out ji.s well as lumps; 
their cinders are,' of course, of the same value as those from 
lump* ore, whilst those mixed with clay make the utilisation of 
the ferric oxide, i .prodtice«l at the copjfcr-extraction works, very 
difficult. . 

> The principal drawback of the process is this, that the mills 
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suffer very much wear and tear from the hard pyrites.. In spite 
of this, it was formdVly the Most usual plAn in the large-linglish 
factories. The cost of labour ‘for grinding, carrying to the top 
of the burners, for drying, taking down, breaking up, and laying 
down in front, of the burners sonic years ago was is. 4d. per 
ton. To this must be added 6d. for coals for working the mill, 
and wear ind tear of the same, altogether about 2s., apart from , 
th'S wages for the burning itself (another 2s.-per ton). 

The process just described is not applicable in cases where the 
great bulk or the whole of the pyrites employed is in the shape 
of dust. In such cases formerly the only available contrivance 
was the above-mentioned muffle-furnace (p. 460), with all its 
great drawbacks. The first who proved that the heat generated 
by the combustion of ferrous bisulphide is sufficient for keeping 
the process going without any external aid, quite as well in the 
case of pyrites-smalls as in that of, lumps, was Moritz Gersten- 
hofer,-whose furnace is described at length and shown in several 
diagrams in the first edition of this work, pp. 205-215. We 
here give only one diagram, big. 103, and a short description. 
That furnace consists of a shaft, 17 ft. high, 2 <t. 3 in long, and 
2 ft. y\ in. wide inside, provided with a large number of pris¬ 
matic fire-clay bars, so disposed that the intcr/als of each upper 
tier are covered by the bars of the next lower tier. The 
pyrites-dust is fed in by means ot (luted rollers, and drops from 
tier to tijr, forcing down the particles previously lyiiife on the 
bars according to the natural slope of the ore. Before starting 
the feed of the ore, tha furnace*is brought to a bright-red luat 
by means of a coal-fire. Afterwards the' combustion of the 
pyrites by means of the air entering from below is quite sufifv. 
cient for keeping up the heat. • 

The two gi'eat drawbacks of the (jerstenhofer burner are: 
the very jarge amount of flu<-d*st produced in it, and the very 
incomplete clesulphurisation of the eye (8 or 10 per cent. S in 
the cinders).- Principally for these reasons this ingenious furnace 
has been abandoned again nearly everywhere, and is now only 
used for roasting “ coarse metal ” in a few copper-works. gU the 
Freiberg works, whery it was used fey a Variety of mixed ores 
(25 to 36 per cent. S), it fias also bcen'rcp 1 a-;ed.by the Rhenania 
furnace, to be described bolow. 

According to Scheurer-Kestner ( bull. Soi. Chun., xlv, 228), 
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Perret later on constructed a furnace, re.schnbling Gerstenhofer’s,- 
but free from the defects of tTie latter. The pyrites wa,s stated 
to be thoroughly utilised and thb cost of labour reduced to one- 
half as against Maletra’s “ shelf-burners ” (see below). At the 
tiijie of Scheurer-Kestner’s report the furnace in question was 
evidently still in the experimental stage; and asj nothing more 
has been l^tard of it, its success cannot have been so,great as 
anticipated. , 

The object but imperfectly attained by Gcrstenhofcr’s inven¬ 
tion has been realised by a very simple plan—so simple, indeed, 
that it was not thought worth patenting at the time, although it 
has subsequently proved to be of immense importance. Maietra 
owner of the works of Petit Ouevilly, near Rouen, after having 
for some time burnt his smalls by means of an Olivier-Perret 
furnace, conceived the idea of separating the upper part of this 
furnace from the lower, and workifitj the dust by its own heat ol 
combtijjfion without any aid from a lump-burner. This idea 
which wits worked out about 1867 with flic aid of Tinel, proved 
entirety successful ; but in spite of this, and also of the “ shelf- 
burner" being the simplest and cheapest of all dust-bifrners, il 
became comparatively slowly known; but since 1873, when il 
became better known through the Vienna Inhibition, it ha: 
spread on the Continent with extraordinary rapidity, whilst fo 
a long time it attracted little attention in England. The firs 
burner out of France seems to have been erected at tho»works o 
Schnorf firotl^ers, at Uetikon, near Ziffich, in 1870; in Germany 
the first was erected at .Kunheirti’s works in •Berlin. Even if, 
it would seem, soine*form of these simple shelf-burners had beer 
previously in use here and there, their successful application foi 
burning pyrites-smaHs seems first % to have been effected b) 
Maletra's works. , • 

Fig. 104 gives a longitiuVmy, Fig. 105 a cross section, th< 
latter through two furnaces. Usually a whole set is built in ; 
row. In onjew to start it, a coal-grate, a, and fire-door, />, an 
provided, vshich aye walled up when the burner has got up to < 
white heat. During this time the top worfing-door remain 
open. Then the five ‘plates, c, <•/, c,fg\ are cnarged with smal 
ore through the door*/<,%, k, whereupen ttie^p)jrites takes fire a 
once. The air enters throygh /, and is regulated at will. JJn 
gas travels oyer all the pl&tes in a serpentina manner, in"dicate< 
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by the arrows, escapes 1 through m into the dust-chamber, n, and 
through o into the acid-chamber o< into another dust-chamber. 
The chamber n is covered by a metal plate,/, upon which lead 
pans, r, r, are placed, in which all the chamber-acid can be con¬ 
centrated from 112' to 144 0 Tw. The acid of one pan com- 
.municates with thaUof another (as usual) by “siphons or by 
simple run-overs. Each of the shelves, which are 8 Q,. long and' 
5 ft. wide, consists of eight plates in two rows of four earh ; 



, Fig. 104, 

« « 

they rest at the sides, in the wads ,pl the burner, in the middle 
on fire-clay bearers, s, s, whose shape is better shWh in Fig. 
105. They are not equidistant, as can be seen iij, the drawing ; 
the upper shelves, where more gas is evolve^, are \yider apart 
than the lower one!, where the radiant heat of the shelves is all 
the ntore useful. •The best distance for. the upper shelves is 
4§ in. In order to bi»rn « larger quantity of pyrites, it is not 
pojsjble to leave the ore lying quigtly, as in Olivier-Perret’s 
hurner/ ■since hero! the external heafting by the Jump ore is 
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missing, the combustion,would be too incomplete, and the heat 
would soon get so lew that Hie burning would cease. 'The mass 
must therefore be turned ovei^ which is done in the following 
way:—Every four hours the contents of the lowest plate,are 
drawn through the door />• on to the arch i (which is level at the 
top, but slopes behind), after the burnt.ore lying,on the arch has 
•first been«j}ushed through the door k to the opening inL^the pit //. 
Ttoen through the door i the contents of / ^re pushed down to* 
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the plate/, ami there levelled again. Thus the,higher plates 
are successively treated, till tl>e jjiglusst plate, a, is emptied and 
can be efiarged with fresh ore. If four furnaces go together, 
one of thcm.is»on turn every hour. *Thc contents of the pit u 
are removed once,a day by the door v. The movement of the 
ore by removal from one shelf to another causes its thorough 
combustion, and thus also raises the heat. aloSur furnaces of the 
above dimensions burn daily 3 tons of pfritc.^ Prom 6i to 7 
lb. of ore are calculated for.each superfic ial foot of shelving. .. 

Sometimes the shelvA arc made in the Siajfe ot a \cry flat 





































468 THE PRODUCTION OF SULPHUR DIOXIDE 

i 

arch, for the sake of greater stability; ,or at least the bottom is 
arched, especially in the case of V’idc shelves. Some prefer 
building t'iie furnaces in such rhanner that the fire-clay slabs 
forming the shelves are nowhere enclosed within the brickwork 
of the walls ; they arc then more easily replaced when broken.. 

The Maletr^ burners were improved later on fey making the 
fire-clay shelves stronger and d^ing away 
with the middle bearers, s, s (Fig. 106), 
which give much trouble in working the 
burner. These shelves are made from 
3 ft. 3 in. to 3 ft. 7 in. inside. 

Maletra’s burner, which has obtained 
general acceptance in Germany, has been improved there by 
Schaffner, P. YV. Hofmann, Bode, and others. 

Through the kindness of Ur Max Schaffner, of Aussig, I was 
enabled to obtain detailed drawings of the shelf-burners as 
modified by him, and these are reproduced and describe<|,in our 
second edition, pp. 255 find 256. This furnace has sevin plates, 
each served through its own door—three on one side, four on 
thcothef On the first side there is also the ash-pit door, 18 in, 
> square, for drawing out the cinders, which is thus done in the 
usual way, not by the rather inaccessible pit of 
Maletra. The doors all slide with their planed 
margins on equally planed ledges cast on the 
front places, so that luting or plastering is not 
necessary. A certain nufriber of angle-pieces . 
arp bolted to the front plates; 'these, between 
their, outer tend aiTd the planed ledges, lifave 
sufficient room for the doors t to slide each way 
on the inclined face a b ; anjl there is a sufficient a . 
number of suqh pieces present for each door to , 
be always held by three'of tjieiti (Fig. 107). 

This style of work is evidently much cheaper 
than casting everything in one piece, because * . , | 

the planing is* much easier; it is also cheaper . 
than the English style, shown on pp. 425 and ' ' av 
426, and quite as Substantial as the latter.' There are no special 
openings for the g.ir H a?, in*spite of the [flailed surfaces, sufficient 
ais /niters to support the combustion. The regulation of the 
draughHs hefe u eti«'fed entirely by th£ chimney-damper. 






draughtjs nere'etlA'fed entirely by thS chimney-damper. 
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In this burner dust and peas are fcurnt together , and the 
sulphur is burnt d»wn to it per cent.; yhus the grinding of the 
smalls, which is still practised at some-works, is done away 
with. * 

. The Aussig or Schaffher dust-burner has been erected in 
many works from the plans given in the previous edition of this 
book, anil that with entire success. Of course at some placc^ 
minor modifications have been introduced,,but the principle is 
always the same, also in the plans given by Falding in Min. 
Ind., vii. p. 668. 

Most manufacturers now consider that burners worked from 
both sides allow too much false air to enter, and therefore prefer 
arranging two rows back to back. ’ I am enabled to give full 
drawings of the most modern dust-burners from the designs of 
Mr H. II. Niedenfuhr, as shown in Figs. 108 to no. They arc 
clear enough to require no further description. 

According to communications from Mr Benker in 1902, he 
still built his Maletra’furnaces on the old system (p. 465), all 
the compartments in one line. On the top he places a 'ollecting- 
flue and dust-chamber, 5 ft. high; at the end of the set a 
large dust-chamber, of the same height and width as the 
furnace and 20 to 30 ft. long, according to the description of 
ore. Oneman serves two compartments. F.ach of these burns 
20 to 24 cwt. of 50 per cent, pyrites per twenty-four hours, but 
up to 32 cwt. of poor ore, such as\ie had to work in Italy, con¬ 
taining 26 per cent, sulphur and 3' per cent, copper, of which 
90 per cent, was solujjle in whtcr and 95’per cent, soluble »in 
dilute sulphuric a$d after roasting. Thfc ore is spread on 
the plates by means of a tooth-rakc, producing an undulated 
surface and not leaving any harp places. From such poor 
ores Benker obtained gases with 7 7 per cent. S(X on the 
average, and produced 6-2 ,kg, acfd of 106 Tw. per cubic 
metre ( = 0*39 lb. per cubic foot) in^twenty-four hours, with a 
consumptjou of 0-7 parts nitric acid 66 1 Tw. to 100 sulphuric 
acid io6°Tw. , , 

One of the principal advantages of the shelf-burners js that 
the ore is burnt out to a much larger extent not merely than 
with any of the older fofms of dust-ffurifer,s, lint even with the 
best lump-burners. Even without grinding th e smal ls i> is 
quite easy to keep the sulphur in the clndots down to # 1-5 p?r 
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cent. At many works, j'^. at Uetikon,*the average amount of 
sulphur in the cinders nj.vcr exceed^ 1 per cant,, and frequently 
it is below. At Maletra’s own \forks they get down to o-6 or 
08 per cent., but this can be done only by crushing the smalls 
down to an almost uniform fine powder. The amount passed 
through the burper also influences this. Sorcl states that a set 
of burners, charged with 34 or 35 kg. of ore per square metre 
every twenty-four hpurs, was regularly burnt down to 0-75 p«r 
cent.; with 36 kg. the sulphur in the cinders rose to 1 per 
cent,, with 32 kg. it fell as low as 0-42 per cent. Jurisch, in his 
Schwcfckaurcfabvikatiou (p. 80), quotes 30 kg. pyrites per square 
metre of plates, with variations from 25-6 to 35-8 kg, Stolzen- 
wald (Che 111. Zcit., iyoi, p. 22), when burning Hungarian pyrites 
(47 per cent. S), was not able to burn more than 24 kg. per 
square metre of Maletra plates, in order to get down to 17 per 
cent. S in the cinders. 

I have seen in Germany shelf-burners working-up “ pgas ” of 
Spanish ore down to 2-8" per cent. S, and even real “lu'mps” of 
Westphalian ore down to 3.5 per cent. S. 

Such results can, of course, be obtained only with pure ores 
free from zinc, lead, etc. Hence the cinders from shelf-burners 
are readily bought by iron-wofks, both for blast-furnaces an$l 
other purposes. 

The Maletra burner is particularly adapted to rich ores. 
With a 5® per cent, ore good/csults are obtained, if from 32 to 
37 kg. ore is burnt in twenty-seven hours on each square metre 
of plate surface (/.<’. 6 5 to 7-5 lb.'per square foot). The lowest 
limit .is 28 kg. ( = 57 lb), and this should b*e only exceptional 
because otherwise the burners cool down. For poor ores, that 
is below 38 per cent, sulphur, the shelf-burner is not well 
adapted. , i • 

In a six-shelf burner there opgkt to be scarcely any purple 
flame visible when pulling the charge down from the top shelf 
to the second shelf. The second shelf is at a bright, red heat, 
the third one less so, and so forth; the back .part o. f the fifth 
ought to be visible only at night by the light radiated down¬ 
wards from the fouVtb, and the sixth ought to be perfectly black. 
Krutwig and Duiponcdurt'(L 7 rc/«. Zeit. 'Hep., 1898, p. 242) found 
th& temperature on the top shelf=68o°, on the second 750°, on 
the third^720 11 , oiTTRe fourth 650 1 C. * 
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Sorel found the following percentages of sulphur on the 
different shelves •— * 


Sulphur in green ore 
First shelf. 

Second , 

Thfrcl , 

Fourth , 

' Fifth , 

Sixth , 


■50 per cent. 
3 2 n 

17 

* 7 

5 

2 „ 

*>■75 .. 


He regularly found half.of the sulphur in the cinders to 
be in the shape of FeS, the other half in that of ferric 
sulphate. 

Crowder (/. Sot. Chun, hid., 1891 *p. 298), in working with 
shelf-burners containing seven beds, charged once every eight 
hours (so that the charge takes 7x8 — 56 hours to complete the 
course), found the following pe.oentages of sulphur on the 
different shelves (nearly agreeing with Sorcl's results mentioned 
in the to«t:— ‘ * 




Avera^t* of 22 tnah. 

Ditto of 26 trials. 

Ore charged . 


5 ° 

50 pci 1 cnt. S. 

No. 1 shelf . 


32-27 

3 J-8' 

- )> 


21-41 

17-55 

3 >. 


12-77 

.1109 

4 .. 


6-39 

5'°5 

5 * .. 


4-oS 

3 ‘ 4 “ »> 

6 „ 


¥•35 

2-56 » 

,7 ,! 


3.27 

1 -96 ,* 


If there is too much draught, the lower shelves cool down • 
and the upper onesiget hotter. This may^ause the process to 
appear as going on very well; but it soon turns out bad. If, on 
the contrary, there is too little air, the bottom shelf becomes 
luminous and tjie sulphftr in the cincters rises rapidly. In both 
cases there is incipient fusion or the second shelf, which 
prevents the; roasting from being carried through. This can be 
remedied by admitting a little air .'ft the door of the second 
shelf, or even mixing a little dead ore with the* charge. The 
admission of air*to the intermediate shelves serves also for 
bringing forward any. burners which have got behind, and to 
burn any suiphur subligiing from the drst shelf, in case the 
burners are going too hot, or from damf> pyrites giving off 
sulphuretted hydrogen ; tout this expedient, pseful r.c it :s whep 
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properly handled, mu.* be employed, with caution lest the 
bottom shelves get tool-old from wSnt of ais 

In the'norm'al style of workiilg all the air required for con¬ 
verting the sulphur into sulphuric acid enters a‘t the bottom 
shelf, and this large quantity of cold air may lower the tempera¬ 
ture of the nearly bifrnt-out mass to such an extent that no 
more ferrjc sulphate is decomposed. It was at first attempted at' 
Maletra’s works to avoid this by leading the burner-gas down¬ 
wards underneath the bottom shelf, thus heating the latter and 
employing the ground-space as a dust-chamber; but this plan 
did not answer and was soon given up again. It has even been 
tried to utilise the heat of the burner-gases for a previous heat¬ 
ing of the air serving for the burning-process. But evidently 
this must most seriously interfere with the draught, and will 
hardly answer in the long run. The same advantage would be 
secured more easily by admitting at the bottom only the 
quantity of air absolutely necessary for completing the ^pasting 
of the air, and allowing Vhc remaining air to enter by a 1 -regulat¬ 
ing-slide in the top working-door. In this case the bottom 
shelf will be visibly red-hot in the dark. This plan can be 
carried out only where the draught is very good, for instance by 
making the gas tp rise to a considerable height before entering 
the chambers, and never leading it downwards in any part of its 
course. The burner walls should in this case be made thick or 
hollow to prevent loss of he^t in the lower part; on the con¬ 
trary, any overheating of 'die top shelf should be avoided by 
making the gas-flue rather high and causing the heat to be 
dissipated there, most rationally by means of evaporating- 
pans for sulphuric acid. Another plan is, introducing the 
requisite excess of air into the first chambers by means of an 
injector. _ , 

The management of shelf-burners is really easier than that 
of lump-burners, but it involves a little more labour. It is 
generally assumed that on'c man can charge, burs, apd withdraw 
a ton of pyrites every day; but it is possible to gqt up to 25 
cwt. It seems best to give five burners to each man, so that 
each burner is changed every five hours. . The phenomenon of 
scarring (p. 449) is ht.rdl?/ ever noticed here. The working- 
dopes must never be left open any longer than is absolutely 
ivecessary for the wfirk ; l in, this case b6th the yield of acid and 
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the consumption of nitye are just as favourable when working 
dust on a shelf-buijicr as with the bus*J lump-burners. This is 
the uniform testimony of th'e llumerous works f have* visited. 

In orderVo start a new burner (which, of course, must have 
been thoroughly dried first in the ordinary manner), the com¬ 
munication with the chambers is .Stopped’and a t firc is lighted on 
the shelves, beginning with the bottom, sometimes bjj means of 
3jtemporary chimney. After four or five t^ays, when the burner 
is moderately red-hot (it is unnecessary and even injurious to 
get it up to a bright red heat), the remainder of the fuel is 
cleared away, pyrites is charged on the three top shelves, and 
communication so made with the chambers, whereupon the 
regular service is started as previously described. 

For some time past the shelf-burners have also been intro¬ 
duced into a number of English works, and everywhere with 
great success. This has been detne on the largest scale at the 
Newcastle Chemical Co.’s Works f Allhusen’s), where 129 shclf- 
burncrs«on Schaffncr’s ‘plan, described *in this book, have been 
erected, which consume from 6<x> to 650 tons of pyrites-smalls 
(Mason and Barry’s) per week. Each burner is charged, once 
in eight hours, with from 4k to 4] cwt. of smalls. 

The objections made to the shelf-burner in its employment 
tor sulphite paper-works by Harpf have been refuted by me in 
A. augeto. Chan., 1896, pp. C5 and 157. 

Combination of Lump-burners \/d Dust-burners for.thc Same 
Set of Chambers .—Such a combination is generally avoided, as 
the conditions of draught arc* very different in each case., I 
have, however, seerfa combination »f the above-mentioned, kind 
in excellent operation at the Stassfurt potash-works managed by 
Dr Bernhardi, the geod result being brought about by placing 
the shelf-burnys so low that the ton shelf is on j level with the 
charging-door of the lumpjjiurner*. This causes an upward 
draught In .the shelf-burners, and prevents their blowing out, 
even when the^loors are opened. * 

Other Descriptions of Shclf-biPnters. 

The furnace of Finch and W., J., St S. Willoughby tb. P. 
2913 of 1883) differ? fi»m a Maletre (Rirne^only in that the 
shelves, instead of being placed hori/otitgdly, arc inclined alter¬ 
nately in opposite directions. 
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• A modification of tile Maletra burner has been patented by 
Mactear (3701 of 1878)1 < . 

A furnace, combining some oY the features of the Gersten- 
hofer and the Maletra burners, has been patented by Hasen- 
clever and Helbig (description and diagrams, first edition of this 
work, pp. 220 to,222). ' It,has never been carried o‘ut in practice, 
and is not likely to be so now. j 

E. Bramwell (Gpr. P. 22758) has constructed a somewhat 
complicated pyrites-burner, in which, contrary to the ordinary 
dust-burners, the fresh air meets with the green ore, the products 
of combustion being gradually led over partially roasted ore, 
and at last over the almost spent cinders. This is effected by 
placing five calcining-beds'in a row, each of them provided with 
an outlet for the gas connected with a gas-main, to be connected 
or disconnected by means of a throttle-valve, so that the current 
of gases can be directed at will. The last burner of the scries 
communicates with the first fcy means of a flue underneath, so 
that a regular rotation chn be kept up, as is done in lixiviating 
vats for black-ash. 


Mechanical Dnst-Iiurncrs. 

The necessity .of frequently opening the doors in Maletra’s 
and all similar furnaces is certainly a drawback ; it necessitates 
much labour and cannot but introduce some false air. These 
drawback's have been overcon/e in a most ingenious way in the 
mechanical pyrites-dust bhrner constructed by ^iacDougall 
Brothers, of Liverpool; but, unfortunately, fresh troubles have 
arisev there Which httve caused these burners to be abandoned 
again. Still, as in theory they are the most perfect of all 
dust-burners, we will descrjbe them here,'especially since the 
drawbacks connected with them have been overcome by later 
inventions. The MacDougall f btvner is shown in Figs. 111 
to 113. 

The burner consists oi a metal cylinder, 6 in diameter 
and 12 ft. high,‘formed of seven rings, an, bolted together, and 
provided with a solid bottom, but open at the top. The rings 
are cast in such a Way that the lower and inner edge of each 
can serve as an .abutfnerrt for one of ‘the flat arches h x to b 6 
which divide the inn,er space of the cylinder into seven 
chambers, the uppermost -of which is* open at the top. The 
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arches, as well as the <yist-metal bottom of the cylinder, are 
pierced in th* centre, and allow the passage of a cast-iron shaft, 
c, 6 in. thickjhvhich is turned'b^ means th the toothed wheel //, 
the pulley e, and the steam-engine/ The shaft carries at top 
and bottonr»yie lutes g and g lt into which the cups // and h v 
fixed to the top arch and the cylindcr-t>oftom, enter; the latter 
‘are fast, whilst the lutes "'and y, turn round with the sjiaft, and 
a hydraulic joint prevents the escape of gas at the places where ’ 
the shaft enters and leaves the cylinder. To the shaft are fixed 
the cast-iron arms, 4 . . . / 7 , provided with teeth along their 
lower margin. The teeth are placed alternately in opposite 
directions; so that the arm ;j moves the ore-dust from the 
centre to the periphery, /,, the same from the periphery to 
the centre; /., acts like i\ ; /, like /„ and so forth. Correspond¬ 
ing to this, the arches are perforated alternately— b v A„ and /;. 
near the margin, b., t and /*,. in the centre. 1 he latter have a 
large cejitral opening, l ft. j in. wfde, lined with a metal pipe, 
which gfves free play round the shaft to the gas and the 
ore-dust; whilst in the other arches the shaft is so tightly 
surrounded by a metal pipe that scarcely any dust, and still 
less gas, can get through. The small ore (which need only be 
passed through a l-in. riddle, and therefore contains pieces up 
to the size of a walnut) is lifted by the elevator k (also moved 
by the engine/),and is emptied on to the top flat, b „ where the 
arm /, takes it round and gradually moves it towards the 
periphery, yuring this time the rto is completely dried by 
the heat of the gas below. The ore dropping down the edge 
at / from the open top chamber is eontimnrlly pushed into the 
first closed chamber by a ram at A. The ram A can be moved, 
reciprocally either by the rod 15 or ( C. and can be moved more 
or less quickly , so that the feed of ore can be Regulated to a 
nicety. The arm L movcs ? flic ore* towards the centre of 
where it 'dreps down; /., moves it towards the periphery of 
/q, where it .draps down again, and llius quite gradually and 
constantly‘.being .directed by the teeth of the arms, arrives at 
t{ie bottom, and is emptied out through the pipe '//. I he two 
sides, n and o, allow the contents of m to- be got out without 
any loss of gas or any*air entcringUlW other way. As the 
furnace during the operation is in full l]cat, most of all near 
the top, the pre ignites as* soon as it .artivesj on the bottom of 
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the first closed chamber, Ik, ; and in, its gradual zigzag way 
towards the bottom t,hp sulphur is completely bi\rnt off. The 
air is continually sypfjlied by'-thfc air-pump / i^ exactly the 
necessary quantity; and the gas escapes through the pipe r to 
the acid-chambers. >•* 

An apparatus sucSi as is here figured is sufficient for burning 
3I tons of ore in twenty-four hours ; with eight close*! chambers 
•instead of six, it can burn 5 tons. It is also very well adapted 
for burning the spent oxides of gas-works; but then it must 
have only four chambers. In a factory on the Tyne, where this 
apparatus was at work for a while, the consumption of coals for 
driving the engine amounted to 4 tons per week. A 2-h.p. 
engine and 1 ?, in. steam-^jipe are said to suffice for the largest 
burner. The wages amounted to £4, 5s. per week; but this 
rather high amount was explained by the fact that two other 
furnaces were being built, which were expected to be served by 
the same men who attended the first. Of course this apparatus 
is quite independent i?f the skill of the burner-men,’which is 
mostly acquired only after long practice. 

For -heating up, the engine is started and the cold furnace is 
gradually filled*care being taken to regulate the thickness of 
the layers of orj on the different floors. When the ore h^s 
arrived at the bottom, the engine is stopped, and the flame of a 
temporary fireplace, built against the cylinder, it, allowed to 
enter it,.until the ore lying,on the bottom and the floor Ik, has 
taken fire. Then the engine is started, the temporary fireplace 
is taken away, the'manhole is tlosed, and nothing remains but 
to see that'-the oro arrives at the bottorrf properly burnt. If 
this should not be the case, the speed of the feeding-ram A, 
that of the air-pump, or that of the agitnting-shaft is altered 
till everything is in order. It is easy to get th* sulphur in the 
burnt ore down to 1 per cent.; in, lorced work only 3 to 4 per 
cent, can be attained. 

The objection might be made to MacDougw.ll’? burner that 
the machinery" in its interior must wear out .very quickly. In 
order to obviate this, all parts of the machinery are made of 
thick*cast-iron; and, when one of the arms is worn out it can 
be replaced through the! manholes, s* s, without allowing the 
apparatus to coo! down. That otherwise this burner has many 
very great advantsges bver all other! is evident. .The turning 
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over of the small ore is perfect without any opening of the doors 
and working '\y hand. Not even during charging and discharging 
does false ait enter the burner;* and by Aieans of the'air-pump 
exactly the necessary quantity of air can be admitted (this, 
however, in "practice was found to be very difficult). This work, 
indeed, is done’ under such favourable qonHitions as are realised 
•by no other burner, whether for pieces or for small;; and it 
mjght be assumed that the consumption of qitre would thus be 
reduced to a minimum, and the yield of acid raised to a 
maximum. Nevertheless MacDougall’s burner had to be given 
up again in the above-mentioned factory, because the quantity 
of flue-dust was so great that it could not be managed in any 
way, and the chamber-process was seriously interfered with. 
Taking the gases through a Glover tower was not to be thought 
of, It docs not appear that really efficient dust-chambers were 
employed. The air-pump acted sb violently that the dust was 
carried away a great distance. 1 Probably this drawback might 
have been counteracted bv some alteration in the construction; 
but, altogether, the machinery caused endless trouble, con¬ 
tinually requiring repairs, and there is no doubt that it would 
have to be altered a good deal before it could become a real 
success. 

' The drawbacks ascribed to MacDougall’s furnace were 
intended to be obviated by a new patent of the same inventor, 
B. P. 3985 of 1883. He describes dust-chambers provided with 
perforated baffle-plates for the interetption of dust carried over 
by the draught, arrangements being made for drawing out the 
settled dust without'allowing gas to-escape ©r air to enter. , The 
shaft and rake-arms are constructed of cast iron, having 3 
central wrought-iron tube so as to obviate warping or bending 
from the effcct^of heat; and in order that the,shaft may be 
readily withdrawn, the arms, or rakes are fixed thereto by a 
fork-shaped end and cotter. A second modification is described, 
which is to avoid the dust occasioned by the vertical passage 
from floor" to floor. The furnace is constructed' as an oblong 

* 1 , 

horizontal floor or chamber, provided with a series of vertical 
shafts, having rakes .similar to those above described, and 

* , 1 • 

1 Davis (Chemical Engineering, it. p. 120) mentions that with mechanical 
draught out of 25 tons of dust burned per week 4 4 ons were carried awa^ as 
flue-dust 1 _ ' • 

*• I 
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revolving in opposite directions. The .teeth are so placed as to 
draw the material towards each shaft, and tkus pats it from one 
to the other and from £nd to enVl tf the furnace. / Where pro¬ 
longed roasting or burning is requisite, a similar furnace, or the 
first modification, may be superposed above the k^t" mentioned, 
the material bejng first passed through the upper furnace. 

A further improvement was patented by the san*c inventor' 
as B. P. 22504 of ,1891. Here the central shaft is made«in 
several lengths, coupled together by widening one end of the 
shaft to form a square socket, and fitting into this the square 
end of the other shaft, the two being secured by a square key 
wedged between socket and square end; a tight-fitting spring- 
clip protects the coupling from the action of the burner-gas. 
The furnace-rings are joined together by half-check joints 
secured by set pans and rust jointing ; the ends of the pins are 
not exposed to the corrosive fumes. 

The subject of mechanical furnaces generally h^s been 
treated in detail by lfode, Dingl. polyt. /., ccxix. p.‘ 55, and 
Wagner’s Jahrcsber .., 1876, p. 296. 

A furnace very much like MacDougall’s was patented by 
Mr Perret in France, on 23rd June 1875. 

A mechanical,pyrites-kiln, greatly resembling MacDougalJ’s 
in principle, was patented by R. Mackenzie (B. P. 44J8 of 1881). 
It is provided with a water-cistcrn at the bottom, with the object 
of promoting the process bp the presence of aqueous vapour. 
A similar furnace, differing'only in details of construction, was 
patented by Black and Larkin (B. P. 4456 of 1881), and another 
by Johnson in America. ■ * 

, The ordinary shelf-burner has been combined with a 
mechanical arrangement by Ifering (Ger.‘ P. 9634), who feeds 
the top shelf continuously by means of a screen, the burnt ore 
being removed from the befiton^ shelf by another screw. 

T. Mason (B. P. 3196 of 1880) employs a furnace with a bed 
slanting slightly downwards, across which a nuenber of fluted 
rollers (say t.ventyj are lying, made of cast ir,on or .stoneware, 
moved by means of gearing outside the furnace. The pyrites- 
dust . : s fed mechanically into a hopper, situated at the upper 
end, and is gradually ihovtd down the Inclined hearth by means 
of the fluted rollers, tl\e cinders being discharged at the lower 
dhd. A ( furnace pfaced’below gives additional heaf in the case 
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of poor ores. [It is not.likely that such an arrangement would 
stand the w)ar and tear unavoidable hi "this case.] Modifica¬ 
tions of this\furnace arc contained in tlifc patent 1788 of 1881, 
and 2831 of 1882. 

. YValker'ao.d Carter (B. P. 4000 of 1883) employ for roasting 
pyrites a set of eight horizontal cylindrical retorts (four tiers of 
‘two each).,heated outside by an ordinary coal fire, ;jnd com¬ 
municating by openings at alternate enc^s. Hollow shafts, 
provided with stirrers, pass through each retort; cooling-water 
runs through all these shafts from one to another and prevents 
their warping. Special contrivances prevent the stirrers from 
touching the sides of the retorts in spite of unequal heating. 
The broken ore is fed into the top retorts and gradually finds 
its way into the three following tiers ; a current of air traverses 
the retorts in the opposite direction. This apparatus is stated 
to have worked well for roasting jjyritcs containing 42-2 per 
cent, sulphur {Hug. and Min./., xxxvii. p. 294), bul it does not 
convey tlie impression that it would ’go on for a long time 
without very heavy wear and tear ; and the necessity of an 
outside fire also militates against it. The report made on this 
burner by W. Martyn (/. Soc. Chan. Ind., 1885, p. 26) is not 
encouraging. , 

W. Bruckner {ling, and Min. /., xxxvii. p. 425 ; Fischer's 
Jahnesbcr., 1884, p. 221) employs for roasting pyrites-smalls a 
horizontal cylindrical revolving furrytee. As this furnaee is pro¬ 
vided witfi internal firing, and the siflphur dioxide gets mixed 
'with all the smoke-gases, it is*hardly intended, and certainly 
not adapted, for serving in the maitufacturt of sulphuric ^cid. 
This is, on the contrary, the aim of an apparatus patented by, 
R. and C. Oxland (B.*P. 7285 of i88j), who roast the pyrites in 
a revolving cylinder of 30 ft. length heated from |,he outside, so 
that the SO., is kept apart froyn £he slnoke-gases. At the lower 
end of the rotating tube is a cast-iron prolongation, heated 
externally # by » fire-grate and flues. The amount of air 
admitted tiy the gilciner is regulated by a contrivance in the 
eijd plate of the prolongation, which .is also fitted with a door 
for the removal of the cinders. (This apparatus seems be 
more intended for roasthig arsenical *ordk,,an^ recovering the 
white arsenic in the process.) , * • 

K. Walter, has constru?ted a special ’buriter for ' peas” that 
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■ is, small pieces of ore between the size cf a hazel-nut and such as 
pass through a sieve w'th eight holes to tha lineas inch. This 
apparatuses described and figiutd'in our first edition, pp. 225- ' 

229. It has grate-bars laid sideways across the burner, provided 
with projections beneath through which a bar ..passes. This 
makes it possible to tu{n all the bars at the same time and 
exactly jn the same way. The spaces between thg bars can 
therefore, be made very small, so that the “ peas ” do not frill 
through without the bars being moved ; and as they lie only 
6 in. thick, the air can pass through with the ordinary draught. 
Each compartment, with a grate surface of 32 sq. ft, burns from 
14 to 20 cwt in twenty-four hours. 

Walter’s burners require a strong draught, and must be 
worked for a separate set of chambers ; with insufficient draught 
very large scars are at once formed. As they are only adapted 
for a special size of ore, they have not met with any extended 
application. r 

A very important ‘modification is the burner constructed 
by Herman Erased, which avoids most of the difficulties of the 
above system by the introduction of water-cooling. The Frasch 
burner has been described by me in an"ni<. Chan., 1894, 
p. 15, from which,parts of the drawings are reproduced here as 
Figs. 114 to 116. We notice the hollow shaft C, 8 in. outside 
diameter, 5 in. bore. Above tile cylindrical burner it is con¬ 
nected with the fixed water-vpipe D by means of a stuffing-box. 

As we see from Fig. 116, pipe k takes the w^.ter from the ' 
cistern E to the top of 1 ), and pipe k', starting from the bottom 
of E, reaches nearly to the bottom of shaft C. This causes 
a continuous circulation of water from E through k downwards, 
then upwards in the annular space between k' and C, and back 
through k to Jg. branch water-pipes reachingjrom C into the 
hollow stirrers H protect thesc^also from fusing or deformation. 
Shaft C is, moreover, protected on the outside by wire gauze, 
covered with a paste of fireclay. Thc» remainder .of the figure 
can be easily understood by reference to the MficDougall furnace, 
but attention must be drawn to the very efficient dust-chambpr 
sho\vji in sectional elevation Fig. 114, and sectional plan Fig. 
US- * . ‘ 1 

< -I have convince^ myself by personal observation of the 
excellent function of fhis apparatus,‘especially also of the fact 
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that the protective water circulation between the hollow shaft C 
and the hollow side-arjq,s H is quite sufficiently eff xted by the 
steam forlned in the latter. ■>. ■• f 

According to a report received from Mr Frasch, his furnaces, 
which are now regularly made 16 ft. wide, have .dene perfect 
work ever since; thkty of them are in operation at eight 
different works of the Standard Oil Co. for the purpose of 
toasting metallic sulphides. The heat produced in the interior 
of the shaft and arms is utilised by attaching a steam-drum to 
the highest portion of the water circulation, and the steam is 
used under 2 atmospheres’ pressure for distilling benzine out 
of light petroleum oils. 

The Ilerrcshoff Turner. 

Similar to the MacDougall burner is also the llerreshoff 
burner, but here the cooling is performed by air. The American 
patents of Herreshoff are :—Nos. 556750(1896); 616926 (1899); 
729170(1903); 976175(1910). 

It is sold by the General Chemical Co. of New York, and 
the Metallurgische Gesellschaft of Frankfort. The former 
shape of this burner and its working are described in Mineral 
Industry , vi. p. 236, and by Gilchrist in J. Soc. Chan. Ind., 
1S99, p. 4C0. That shape, with illustrations, is described in our 
last edition, vol. i. pp. 349-351. In the place of this we shall now 
describe and illustrate the burner in its recent shape, according 
to pamphlets issued by the General Chemical Co. of New York, 
and epistolary communications !. have received from them. 

The new. Herreshoff furnace (Amer. 976175; Fr. P. 
420975) is the direct result of an extended study in 
roasting the fines of ore. The irregularities of operations of 
fines' burners heretofore have sprung to a considerable extent 
from two causes. First slagging and sintering of the roasting 
ore which caught the arms arid rabbles, sometimes breaking 
them, and an excessive ‘dust production whiijh necessitated 
cleaning of fyucs and consequent interruptions. The, latter will 
be dealt with in a later part of this chapter, where the flue- 
dust in specially treated. 

It was soon discovered, 1 that slagging and sintering, so called, 
was,in reality a fusion of the FeS resulting from the distillation 
of. half of the sulphur in,FeS,,, that -he fusion did not occur 
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until after that sulphu 1- was driven off, and that it did not 
occur when 'here was any amount of FejO :l present. 

The prcfblem immediate.y lesolved itself into a regulation of 
the temperature of the roasting-ore between the points where the 
first atom of sulphur had been volatilised, and where sufficient iron 
existed as protoxide to prevent fusion by its reducing action. 

This iijaccomplished by means of the cooling of tjje central 
sljaft and arms, the amount of which can be varied in each arm, 
thus controlling the temperature of the roasting ore between 
the proper limits. It was found, when water was used as a 
cooling medium, that it was necessary to run through the shaft 
and arms sufficient water to prevent the temperature from 
reaching the boiling-point (otherwise*it will form incrustations 
in the pipes), and this, as was soon found out, did not act as 
a cooling medium of sufficient eiasticity. One might imagine 
that the slagging of ore could be prevented by cooling the 
entire furnace by means of decreasing the thickness of the 
brick lining of the sh’cll, but here a^ain the difficulty was 
encountered that with ores of lower sulphur contents the entire 
temperature of the furnace went down too much, and that the 
cinders resulting ran too high in sulphur. 

The inventor finally settled on air as a,cooling medium, 
because it is elastic and the quantity of heat extracted can be 
regulated. * It is seemingly a wise selection, lie also found that 
the lower hearth should be operate;! at as high a temperature as 
possible, for the presence of an excels of Fc., 0 ., prevents fusion, 
and the higher temperature wilhoxidi.se the remaining sulphur jn 
the cinders more completely. In other words, instead of having, 
as"formerly, the maximum temperature in the upper parts of thy 

furnace, we now have it at the bottom. The construction em- 

» 

ployed to accomplish this appears in Amer. I’., 2^nd November 
I9ia * * 

The new furnace consumes about $ h.p. in its operation, 
and revolves f,»r.p.m.; it burns roughly about io lb. sulphur 
per square foot in twenty-four hours, with a cinder resulting 
which contains in the neighbourhood of 09 per cent. S., on 
any pyrite containing-above 24 per cent sulphur, provided of 
course there is no copper, zinc, lime, etc., which will retain the 
sulphur in the form of sulphate. • • 

The repay's on these furnaces are insignificant. The desigti 
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is 1 such that the temperatures of the cast-iron shaft and arms 
are maintained at abcfut 8oo°F. = 427" C., at-which'point there 
is no condensation of a£id, and the cast iron is at ihe point of 
maximum strength. 

The .only repairs which are found necessary are Tor the re 
placement of teeth winch slowly wear by friction of the ore, 
jind the best data obtained gives per annum a consumption 
of 140 lb. cast-iron teeth per roaster. It cannot yet be stated 
how many years the shaft and arm will last before the ordinary 
wear will necessitate their replacement. 

The new Herreshoflf furnace is shown in section in Fig. 117. 
It has a cylindrical steel shell placed vertically, lined with red 
brick, and in this shell brick hearths are placed horizontally one 
above the other. Passing down through the centre of these 
hearths is a double vertical hollow shaft. Attached to this shaft 
are one or more arms at each’shelf, and replaceable rabbles, or 
teeth, are slipped on these arms. On one shelf they are placed 
at such an angle that the revolving arms plow and aim the 
roasting ore over in a regular way, making it travel from the 
centre of the hearth outward. From there it is discharged 
through proper openings on to the hearth below, where the 
teeth are placed at a proper angle to turn and plow the ore 
from the outside toward the centre of the furnace, where it again 
drops, as shown in the vertical section. This operation is 
repeated until the ore is finally discharged through an opening 
placed at the outer edge of*the bottom hearth. 

The life of the‘central shafts and hearths, as well as the 
teeth, is prolonged J oy internal cooling by "means of air, which 
is forced into the bottom of the shaft, as shown in the drawings, 
and then delivered through the central' shaft, from which 
it passes simultaneously at once into all th; arms. After 
cooling the arms it returhs into the annular space between 
the inner and outer shaft, and finally escapes at the top of the 
outer shaft. • ■■ . 

The air for combustion is admitted over ,the lower hearth 
through ports in the outside shell and passes upward through 
the farnace in a tounter-currcnt to the -roasting ore, escaping 
through the gas s'utletl 

■ Details of Construction .—The shell is double riveted and its 
thickness is proportioned to the size oif the furnact; The brick 
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lining is sa arranged that the gases do not penetrate it aptl - 
attack the s'hell. <A11 seams are verticjL 



Fig. i i7. 


The hearths are of specially mofildcd.arch fire-brick. The 
openings in the hearths for the passage <*f the gas and disdmrge 
of ore are carefully worked out to awiicl thddust nuisance. 
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. The shaft arms and rabble are made.of close-grained special 
cast iron. The temperature of the iron in the shaft and arms 
is kept above the condef.sing-poiut .if acid to preveric corrosion, 
and at a point where the strength of the metal is greatest. 
Either the bolted type or the bayonet-lock type of arm can be 
obtained. The rabbles a,re made in sections. '1 here arc five 
sections <$n each arm of from one to five teeth per section, 
depending on their position on the arm. The sections can be 
slipped on or off the arms, and any tooth can be taken out of 
the section and replaced without disturbing the remaining 
rabbles. Teeth and rabbles are made to template and fit per¬ 
fectly in case of renewals. The shaft is driven from the bottom 

by means of a cast-iron gear and 
pinion, and makes one revolution 
in from 70 to 150 seconds, depend¬ 
ing on the kind of roast. The 
six-hearth furnace, 15 ft. 9 1 in. 
diameter, requires about 1 h.p. 
Cast-iron doors, brick-lined to 
prevent corrosion, are fastened by 
two steel latches. The sight holes 
have heavy plugs hung on hinges, 
as shown in Fig. 118. 

1 The new furnace is so designed that factories operating the 
old furnaces can have them, converted to the new type (em¬ 
bodying the control and regulation features) without changing 
' plant arrangements.- 

Ii\ the following table are given dimensions and data for 
spme of the furnaces :— 



Fig. 118., 



Outside 

diameter 

Xumlwr 
final til. 

» 

Hearth 

ana 

Weight 

metal 

fiarts 

Weight 
special c 
file brick. 

Pounds Sulphur 
per 24 hours. 

Old Furnace • 

ft in. 

n 

5 , 

Y 

3«i 

Ih 

16,000 

II. 

16,000 

3*oco 

to 6,000 

New hurnace. 

11 7 

7 

54s 

25,coo 

32,000 

4.500 

,, 12,000 

New Furnace . 

iC 9 i 

B 

912 

43.000 

79,003 

8,000 

,, 21,000 

New Furnace. 

* 20 0 

5 

1308 

68,coo 

132,0^0 

12,000 

„ 30,000 

New Furnace. 

1 

20 b 

7 

1810 

82,000 

i68,oco 

16,coo 

, 42,000 

. 

« 


• 



* 




In the above table the tapacities giwnrn pounds of sulphur 
per.twenty-four hours must be used to form a general idea only, 
as-the chemical composition and physital character; of each ore, 
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together wi^h the kind of roast required (dead, magnetic or 
metallurgical), will have to be determ'.led for each particular 
case before'definite capacities can be climated. 

In general it can be assumed that capacities arc lowest for 
dead roasting and greatest in metallurgical work. 

Ores containing more than 20 per cent, sulphur can usually 
be roaste^J without the use of extraneous fuel. The.furnace is 
started by heating up with gas, wood or other fuel, after which 
the ore is charged, slowly at first, then more rapidly, until the 
temperature in the furnace reaches the desired point. From 
this point the new furnace affords a remarkable regulation 
which, while preventing slagging, produces uniform results both 
in the strength of gas and the sulphur contents in cinder. 

There were in 1911 over 1750 of various si/.cs of the 
Herrcshoff furnace (1400 of these in Europe) in practical and 
economical operation in the following fields :— 

1. Roasting pyrites for manufacture of sulphuric acid, 

2. Roasting pyrites for manufacture of sulphile pulp. 

3. Roasting pyrrhotite. 

4. Roasting of mixed sulphides for magnetic separation, 

* 5. Preliminary roasting of simple or complex sulphides for 
metallurgical work. , 

In roasting ores where extraneous fuel is required, such as 
zinc blcnclc, ores for chlorination, or in the decomposition ok 
telluride, a fire box can be added. . 

The furnace will be economical under such conditions, where 
the hot air from the central shaft can be used for the combustion 
of coal, oil, or gas ..net the consumption of fuel reduced. t 
' These furnaces give no trouble whatever with granular ores, 
but with dusty ores, especially when used for lead chambers, 
they require one and a half as much dust-chamber space as 
hand-worked dust-burners* gr the employment of a special dust- 
separator (sec later on). In the case of contact processes and 
for sulphite pijp, where the gases have to be washed, they can 
be applie’d without reserve. * • 

Hartmann and Benker {Z.angew. Chew.; 1906, pp. 1125 et 
‘seq., and 1188 et. seq.^ discuss at length the furnaces of ijerres- 
hoff, of O’Brien (p. 4/7), and of Kauffmann (p. 493). and the 
dust-chambers to be connected with them. < • 

Up to the end of the Me.taHurgische Gesellschafl* at 
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Frankfort had sold in Europe 1403 H/erreshoff furnaces of the 
older type. According.,to Ghent. Inch, 191 r } . p. 561, there had 
been sold'up to 31st'“March T9 IS, of end-furnades: 357 in 
Germany, 102 in Great Britain, 116 in Austria-Hungary, 21 in 
Belgium, 10 in Denmark, 17 in Spain, 10 in the IJalkan States, 
147 in France, 3 in Holland, 237 in Italy, 15 in Portugal, 70 in 
Russia, 14)3 in Scandinavia, 2 in Switzerland, 542 in the 
United States 


Other Mechanical Dust-burners. 

Farmer and Hardwick’s mechanical pyrites-burner (1878) 
resembles to some extent Jones and Walsh’s mechanical 
salt-cake furnace (see nur'Vol II., edition of 1909, p. 192). It 
is automatically charged and emptied; 5I, tons of pyrites are 
said to be burnt off in from seven to nine hours. None of 
these furnaces seem to be in practical operation. 

The mechanical pyrites-burner of P. Spence (patented in 
England, 24th December 1878; in Germany, No. 9267; in 
America, No. 248521) is a shelf-burner provided with mechanical 
stirring arrangement. As this furnace seems to be constructed 
, on rational principles, and as it has met with practical success 
in America, we gi.ve a description of it. 

Fig. 119 shows an exterior side view; Fig. 120 a plan; 

' Fig. 121 a cross-section of one-half of a double furnace, the 
other half being shown in oujside view ; Fig. 122 a longitudinal 
section of the furnace-beds 7 and Figs. 123, 124, and 125 views 
'ofjhe stirring and raking instruments. The construction of the 
furnace-beds is best'.seen from Fig. 122. Ik this there arc at 1 
the walls of the furnace, in which are fixed projecting fire-clay 
slabs, 2. Upon these are placed tiles, 3, reaching from one side 
of the furnace to the other, a number of these composing the 
length of each furnace-bed: In I jigs. 121 and 122 the several 
beds are shown at 3, 3^, 3 b, 3c; alternate openings'in these 
beds being shown at 4, 5, 6, 7. The .pulverulent, material is 
thrown at II oil to the floor 3 ; advancing rakq,s or ploughs stir 
it and carry forwiirc'l a portion of it through the opening 4 on to 
the sqdond bed $ar The teeth of tire rakes are shaped with a 
triangular section, as shown in Fig. 125, 'the apex of the triangle 
being'in the direction of the motion of each rake longitudinally 
frenn end to end of <ihe fhre.acc, the flat sides of the .teeth of the 



Fig', i i 9. 
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Fig. 120. 
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rake being in the direction in which it is desired tq traverse the 
ore along the bed of tbq, furnace. When the rake is advancing 



Ipfi'lllHiifllil'frV, 
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'Ik; 122. 



F>°- 123 - Fro. 124. Fig. 125. 


in the direction of the pointed part of the veeth of the rake, the 
ore # will be only firmed over j but when the rake is moving in 
at? opposite direction',.a certain quantity of the ore will be 
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carried by tjp.e flat side of the teeth along the floor of the 

furnace. Thus the ground material, delivered to the 'floor 3 at 

the point H, is stirred and subsequently partiaHy carried 

forward till it is delivered through opening 4 on to the second 

tjed, 3 a, where the same operations take place, the material now 

passing down The opening 5 on to the bed 3 b, and so through 

all the beds, until it is at last discharged through the opening 

7jntothe receptacle 8. Since the openings in the successive 

beds are on alternate ends of the furnace, the stirring and 

conveying instruments must be reversed, as regards their faces, 

in succeeding beds. The teeth of the rakes are mounted in 

angle-iron bars, 11, provided with rollers, 11 *, which run upon 

rails, 12, carried by the projecting sujfports, 2. To each of these 

angle-bars are connected rods, 13, attached at their other ends 

to a frame or carriage, 14, provided with wheels, 15, which run 

upon rails, 16, on the floor, the said rods being supported and 

guided by grooved pulleys, 17. On the carriage, 14, are fixed 

toothed*acks, IS, situated outside the feirnace, and supported at 

their outward ends by rollers, 19, and in gear with these rods 

are pinions, 20, on a shaft, 21, driven by motive power. Motion 

being communicated to the shaft, 21, the pinidns, 20, cause the 

racks, 18, to traverse the frame, 14, which, as stated, travels on 

the rails, 16, and thus the rods, 13, are caused to traverse the 

rakes or Conveyers along the several beds of the furnace,. 

According to the positions shown in the drawings, the carriage, 

14, is in its outward, or nearly outward, position, and the flat 

ends of the instruments will have delivered a certain amount of 
* • 
material through the opening 4 on to the bed 3'h tbs same 

operation having taken place with regard to the opening 6 and 1 

bed y. The carriage now running inward, the sharp points of 

the ploughs vvi'l simply stir the material on the beds 3, 3/4 while 

the blunt ends on the floor’^r will deliver a certain quantity of 

material through the opening 5 on to the bed 3 b, and at the 

same time the instruments on the floor y will pass an amount 

of completely calcined material into the receptacle 8, to be 

removed at pleasure. The feeding of the Tumace takes place 

in the following mannerAt F is a channel leading to ihe top 

floor, 3, and above this channel is a hopper, 20, into which the 

ground material is from time to time fed. The bottom ofjthis 

hopper is provided with'a sliding plate, 2(4 having a ledge*at 
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its inner end, as seen in Fig. 122. This plate is connected with 
rods, 22, swung upon,arms, 23, and each having two stops, 24, 
25. According'to the position tluiwn, the materia! rests upon 
the ledge of the plate, 26, which, when the carriage runs in, is 
pushed forward by its arrival in contact with the stops, 24, and 
this act'ion delivers a’ certain amount of material through the 
channel F. Oh the return motion of the carriage the stops 25' 
'shift the plate 26 back, and so on. Instead of plate 26, thfre 
may be a winged bottom to the hopper. The furnace may be 
single or double, the latter (which is shown in the drawings) 
being preferred. The shaft, 2r, is connected by means of suit¬ 
able gearing to any source of motive power, so that it may be 
rotated first in one direction and then in another, and thereby 
traverse the rakes alternately from one end of the furnace to 
the other. The rakes may move continuously; but it is 
preferable that they should remain stationary periodically in 
the position shown in the drawings, as they arc then dear of 
the ore and out of the direct action of the heat, thereby, suffering 
less injury from corrosion. 

A number of these furnaces have been put up by the 
Sulphur Mines 'Co. of Virginia, at Baltimore. According to 
a communication^made to me by the President, Mr Crenshaw, 
three double furnaces were connected with a set of chambers'of 
iSo.OOOcub. ft. capacity, with Glover and Gay- 1 us'sac towers, 
and two other furnaces with a set of 126,000 cub. ft. The five 
furnaces were to burn 14 tons of 47/48 per cent, pyrites each 
twenty-four hours, down to less than 2 per cent, of sulphur in 
the cinders. * . e 

It is mentioned as a drawback of Spence’s furnaces that at 
the back end a collection of dust takes place, by which the rakes 
are prevented from doing their work property. Bartsch, of 
Bridgeport {l‘'isc/tcr's Jalncsbcr., ,18,86, p. 256), consequently 
applies to the furnace ends a separate set of brolul plates, 
moved by a second moving-frame, in such a w;uy that the dust 
is cleared out automatically every time the principal frame is 
made to work. 

/\!> stated in Z. angew. Chan., 1894, p., 134, I have met with 
several Spence furnaces at'work in America, but the opinions as 
to their advantages were divided. A modification of this furnace 
has been patented , : n America by A. F. Johnson, of Baltimore, 
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where the Roving parts are protected from heat (Airier. P, 
642334). 

Luty in 'Z. angew. Cham, 1905, p. 1353, quotes results from 
actual practice, according to which, under European conditions, 
mechanical burners work less economically than hand-worked 
burners; but he thinks that with higher wages the cost‘may be 
the same, ^md then mechanical furnaces have the advantages 
of«requiriilg fewer men and being less dependent upon them. 

E. W. Kauffmann (ibid., p. 1628) contradicts these con¬ 
clusions, and maintains that mechanical pyrites roasting with 
modern furnaces, quite apart from the better result, is con¬ 
siderably cheaper than roasting by hand-work. At all events 
he claims this for his furnaces, which‘were for some time built 
by the Humboldt Engineering Works at Cologne, and arc 
therefore sometimes erroneously called “Ilumboldt burneis” 
His Ger, P. 161200 of 1903 describes a mechanical stirrer, 
with a hollow shaft, with a cooling agent flowing through it, 
provided with perforations for putting in the stirring-blades. 
These blades are of a special shape which allows the cooling 
agent to pass through them as well. Fig. 126 shows this 
arrangement in vertical, and Fig. 127 in horizontal section. 

1 is the hollow shaft, which for each of tjie shelves of the 
furnace is,provided with a rectangular channel, 2, of such a 
height that the hollow stirring-blade, 3, with its teeth, 4, can be» 
put through ; the width of the channel corresponds to the , 
thickness of Jhc blades. When in use, the arm, 3, rests in its 
central (tart upon thq bottom plane, 5, of channel, 2, and, is 
secured against shifting by the lugs, 6. *A perforation, 7, is 
provided in the bottom plane, 5, of the channel, and a perforation, * 
8, in the plane of the blade resting upon it, so that the 
cooling agent, introduced under pressure, also ^penetrates into 
the hollow blades and gets o#t through the openings, 9, into the 
furnace. In this way also those parts of the blades which are 
at some r^stante from the cooling places, eg. the teeth, 4, are 
protected r.gains*,damage by heating. The Kauffmann furnaces 
are claimed to be mechanically far superior to the Herreshoff 
furnaces; they are built by the Erzrost-Gwsellschaft in CYJogne. 
The cooling agent is edid air, which is blown in by a fan-blast 
into the hollow footsteps of the shaft, in such quantity that it 
protects tin; blades against overheatfng, without interfering 
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with the roasting-process. Each furnace roasts to 3 tons 
of 50 per cent, pyrites pi twenty-seven horns, down to 1 or 2 
per cent.; with an expenditure of ronly h h.p., and' requires no 
manual labour except for carting the ore and taking away 
again the cinders. A set of five such furnaces costs about 
,62500, 'including the 'steam engine, shafting, tubing, and dust- 

I 


Fig. u6. 



chamber, and the cost of' erection. There is /mly one man 
required for locking after it and greasing the moving parts. 
The repairs arc amply covered by /50 per annum. 

The other patents of Kaufifmann are: Ger. Ps. 161624; 
16394; 165270; 186314; ,186315 ; 205? 15 ; 227621. 

The Erzrostg'esellschaft (Austr. P. 51096) states that the 
amount of work doqp byvthese furnaces^can be largely increased 
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by frequently turning ever the ore, and gradually moving it 
forward in a radia' direction. For tins "purpose the teeth of 
the stirring-tirms stand alternately in opposite directions, so 
that the ore, moved forward by one-half of the arm, is brought 
back through part of the way already made. 

Reusch {Cuem. Zdt., 1912, p. 213) states that in the begin¬ 
ning of 19^2 about 600 such furnaces were working in, Europe, 
America, and Australia. , 

Hartmann and Benker (xf. augexv. them., 1906, p. 1188) 
assert that the asbestos screens in the Kauffrnann burners are 
destroyed after a short time. 

The Pennsylvania Salt Manufacturing Co. at Philadelphia 
(for Europe the Metallurgist Gesellschaft in Frankfort) 
has introduced the mechanical pyrites-burner of Utley Wedge 
(patented in all countries ; in United States as 648183 ; 649183; 
<554335 i 777577 ; 842736; 976525 ), of which Fig. 128 gives a 
section, showing the salient features. The principal of this is the 
hollow revolving shaft 4 * ft. inside diameftr, to which the stirring- 
blades or arms are attached, and which is easily accessible for 
men from the inside. The two opposite arms are secured by 
bolting them together in the hollow centre, and arc thus not 
exposed to the flame; they are rendered durable by cooling 
them by means of a current of air, produced by a fan, the only 
escape for*the air being through the arms and thence out * 
through pipes in the interior of 4hc vertical shaft.. This is , 
made of .1 in. steel, protected from the flame by an exterior 
covering of bricks supported <fn cast-iron rings. A cast-ircm 
lute, filled with firm asbestos, makes a light joint witjiout 
necessitating any machine work on the furnace arms. A 
diaphragm in the centre of each arm forms a passage-way for 
the air (or watc) along the bottom and back alpng the top of 
the arms so that this is efifeettfrely cooled. The entrance of the 
cooling-ai? takes place at the bottom, confined by a hood and 
lute. The hot air, having passed through the arms, is collected 
by another hood and allowed to escape into tRe*atmosphcre. 
The rabble teeth, which are the only parts 'exposed to the 
burner gases without .cooling, arc readily removed by reacting 
in from the exterior of the nirnact, Vvithout stopping the 
furnace. A furnace of 20 ft. i^iamcter roasts 12 tons.of pyrites 
in twenty-seyen hours Ihd requires. h.p. driving powefr. 
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There are six feeding-spouts in the top arches which divide the 
material evenly. The,-material descends in the furnace, first 


ii j 

TO STACK 



Fig. 128. 


outward and then inward,*011 alternate.floors, and is met by the 
ascending air. *i'he drup holes connecting these floors can be 
cleaned by means of* ppke holes ttirough the shell of the 
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furnace. Trte outer shell of this is one i-in. steel. These 
furnaces arc in full work at some of the ltading American and 
European factories. - * • 

Improvements in details of these furnaces are protected by 
Ger. P. 243325. 

For very large works the Wedge lurnaces are specially 
adapted, whilst for smaller factories the Metallurgischt Gcscll- 
scljaft still sells many Ilcrrcshoff furnacesJ[.w/vv}, p. 484). At 
Philadelphia 6 such big furnaces are attached to lead chambers 
of a capacity of 1,000,000 cub. ft.; the)- roast together 100 tons 
ore in twenty-seven hours (Quincke, Z. angtw. Chon ,, 1910, 
p. 1922). . 

According to Ilasenclever (/. Soc. Chon. Ind., 1911, p. 1291) 
there were, in Germany, Wedge furnaces working satisfactorily 
in five chemical works and another 15 furnaces in course of 
construction. The largest type ol them gets through about 
20 tons of pyrites in twenty-seven hours each, that is six or 
seven tifnes as much as the Ilcrreslfoff furnace, and their 
design is more compact and simple than that of tne la'ter ; but 
there seems to be no particular economy in cost of construction 
or working-expenses. The main feature of the Wedge furnace 
is that it permits of repairs being made without interrupting 
the working. 

From private information I can add that in the beginning * 
of 1912,25 Wedge furnaces had bten sold in Europe by the 
Metallurgische Gesellschaft, the smallest size burning 12 tons, 
the largest 20 tons 48 per cent.•pyrites in twenty-seven hours. 

The O’Brien futnaccs, built by the American Col^; & 
Gas Construction Co., very much resembles the Ilcrrcshoff 
furnace (p. 484). In this furnace the arms are put in and 
taken out horizontally and without raising. It claimed that 
it requires less power than any other furnace of similar capacity, 
and is ecjually efficient for “ fines ” and for “ granular ore ” ; 
the feed can be exactly regulated and the depth of the ore can 
be maintained di/fercntly on the different ^shelves, a shallow 
bpd being used where the combustion is most active, and a 
deeper bed where the sulphur is partially' burnt out. ,The 
central shaft is hollow, "and no stacit is rcqidrcd to create a 
draught through it; it can be easily withdrawn an^l rcplaeed 
in a short tipe. The driving-mechanism is placed near tlfe 
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circumference of the furnace, where it can be easily reached for 
oiling and repairing. * » > 

Winterer ( C'hem. Zei‘., 1906,5!. 467) discusses several burners 
for pyrites smalls, without any original work in that direction. 

Simons (Ger. P. 166569) describes a mechanical 'Burner for 
pyrites smalls, in whidn shaking-rods are placed 1 on the grate- 
bars which alternately cover and uncover the spacys between 
the fixed grate-bars. , 

Howard ( 15 . P. 21762 of 1905) utilises the waste heat of 
mechanical desulphurising furnaces for drying the incoming 
material on the top arch, with mechanical stirring, and thence 
feeding it into the interior of the furnace. 

Lcgge ( 15 . P. 21160 of 1905) describes furnaces containing 
two or more superposed series of roasting-chambcrs, with 
horizontal or slightly inclined hearths; rubble shafts with arms 
passing through them convey*the ore through all the chambers 
of a series, and means are provided for discharging the ore. 

The Maschinenbau-Anstall Ilumbofdt at Kalk ( 15 . ‘P. 27061 
of 1906) forms each stirring-arm as a two-armed lever, and 
supports it on the shaft in such manner that it can be easily 
disengaged. 

Timm (Ger. P„ 195670) patents a mechanical muffle-furnace, 
without mechanical stirrers. 

Greenaway (Ger. P. 182409) describes a mechanical [jyritcs- 
burner, consisting of a long hearth, with a stirring carriage over 
it, the hearth being formed*by a porous layer of ore, divided by 
intermediate walls into several compartments, corresponding to 
the varying 'quantises of air required for fche successive stages 
yf the roasting-process. Each compartment possesses an open¬ 
ing leading to a vault in front, by which air is introduced and 
from which the^jrorous layer may be renewed. » 

Merton (Ger. P. 1S5003) deijcribes a special method of 
cooling the hollow shafts of mechanical roasters. . *' 

A mechanical dust-burner, with scrapers travelling back¬ 
wards and foAvards, has been constructed fjy Ilegeler {Min. 
hid., 1905, 5). 246), and is employed in a few factories, both {oj 
lead /chambers and /or the Schroeder-Grillo contact process. 
Here the stirrers are Shvftys conveyeck to one side, are turned 
room! thefc and conveyed to the other side again. The ore 
is'dropped gradually frbm one shelf t?) the other o.nce per hour. 
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irnace (described by/Hartmann and ljenker in 
Z.angcw. Client,, iyo6, [). 1194; Ger. I'. *185809) consists of a 
horizontal w*rought-iron cylinder, lined \ 4 ith bricks, with screw¬ 
shaped grooves for turning over the material, and shifting it 
gradually to one end of the cylinder, where it is discharged. 

The Eisenwerk Laufach (Ger. P. :85673) effects the pre¬ 
heating and mixing of pyrites-smalls, previously to roasting it. 
in* slightly-inclined revolving tube, provide*! inside with screw¬ 
shaped scrapers. The pyrites passes in at one end, the pre¬ 
heated dry air at the other. This pre-heating is effected by 
previously passing the air through the hollow shaft in the 
centre. t 

Warren (B. P. 17457 of 1905; Aina P. 864816) divides a 
rotary kiln into compartments by a hollow lateral partition, 
communicating with the air at diametrically opposite points. 
The hollow space diverges at opposite ends, where it communi¬ 
cates w>th the air. The other portion of the kiln forms a 
common‘chamber, the flame from whicl* parses simultaneously 
into the compartments of the first portion. 

Pfaul (tier. P. 177963) feeds the burners itj a regular way, 
especially in the case of employing pyiites-smalls of various 
degrees of moisture, by means of a hopper,.provided with a 
central shaft, with an arrangement for brushing the sides of the 
hopper, an 3 a feeding screw at the bottom, which at every * 
revolution takes out the same quantity of ore. • 

Kuhrke *(£er. P. 159613) roasts the ore in a horizontal 
revolving drum, pre vided with three superposed screw channels, 
thtough which the "ore passes giadually fr«m the (centrally 
arrayed) inlet to the outlet at the bottom. • 

balding (B. P. 69*31 of 1905) provides for the stirring-arms 
means of being readily removed without removing the central 
shaft; both this and the arms*are provided with an arrangement 
for cooling by air. 

Wocke.(Cer* P. 210657) employs a furnace with screw- 
shaped betk, each of them provided with jmtrante and exit 
pipes, on which stirrers move the orb on in a suitable manner. 

Schlippenbach (Ger. P. 225421 ; B. P. 28755 of ' 9 ° 9 T Er- 
P. 415920) describes arrangements* for ^conducting roaster 
gases of different compos^ion to different *;as-chaml>«r.s, in sifch 
manner that «ach gas-chamber received a continuous current of 
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■ gases of similar composition. He employs an anUular roaster, 
turning on a vertical a.vs, the space below which is divided into 
several cotnpartments, each of them provided with outlet pipes. 

Daniel and Romer (Ger. P. 208354) describe a roaster 
consisting of revolving drums superposed over one another, 
through which the or< 5 r is automatically propcllecf. 

Collet, and Eckardt (Norw P. 20273) bring the air, the 
burner gases, and the pyrites into contact in such a way that 
the burner gases containing most SO.,, with excess of air or 
oxygen, pass through the most highly roasted ore, in order to 
obtain a mixture of but little S 0 2 with the greatest possible 
quantity of SO,,. 

Zclewski (Ger. P. 195724 and Ger. P. appl. Z5379) describes 
a modification of the llerreshoff mechanical roaster (p. 484) in 
which the stirrers of the bottom compartment are placed in a 
special socket, surrounding tire perpendicular shaft, so that a 
certain portion of the ore can be completely roasted off, while 
another poition lies stilt. > 

J. L. Tafto (Ainer. P. 891 1 16; Ger. P. 207760) equalises the 
SO., contents of pvrites-kiln gases, to obtain a product with 6 

■ per cent. SO., and about 816” C, by passing them through an 
iron-cased brick, dust chamber and then through a similar 
chamber, packed with bricks, which is large enough to contain 

' the gases for some time and to equalise the variations of 

■ composition, and temperature. Between these two chambers 
air can be introduced by Ricans of a regulating-valve, and the 
gases containing too little SO., and too much O can be enriched 

. in SO., by passing them to’ a layer of hot r pyritcs, where more 
SO s is generated. 

St Beuve and E. Marconnct (Fr. 1 *. '390323) blow finely 
ground pyrites.by a current of air continuously into a combus¬ 
tion-chamber, provided with an exit opening for the S 0 2 , and a 
discharge opening for the removal of the residue. The pyrites, 
which may be mixed with substances for accelerating the 
combustion,* or fuses, is delivered by a screyv-conveyer into a 
chamber, and ta"ken out by a fan, delivering it into the combu§- 
tion-icliamber by S tangential pipe. 

Olga Niedepfuly '(Ger. Ps. 239702 and 239703) provides 
mechanical roasting-fprnaces in their jiottest parts with cooling- 
channels ; cold rohsting-gases are conveyed through the shaft 
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and the stirr'ng-arms. pasily and^badly roasting ores can be 
worked in the same furnace, by putting *111610 alternately into 
successive reasting-com partners. , . ' •* 

Special contrivances for charging the ore into the furnace 
ip a regular way are described by the Metallbank and Metal- 
lurgische Gesellschaft (Ger, I*, appl. M42726) and Try the 
Maschinenbauanstalt Humboldt (M43170). = # 

The Svovlsyrc and Supcrphosphat-Fabrik, Copenhagen 
(B. P. 28703 of 1911), describe a mechanical pyrites-roaster, pro¬ 
vided with complete water-cooling of the shaft and all the 
stirring-arms, worked by a water-tank at the top, into which 
the exit-water pipes from the shaft and the arms are conducted 
back. ' 

Other modifications arc patented by Scherffenberg and 
I’rager (Ger. Ps. 329759 and 332056); Lutgcns (Gcr. P. 358443) i 
Hommel (Fr. P. 384350); Akttengesellschaft fur Bcrgbau, Blei- 
und Zinkfabrikation (Ger. P.20257/); Merton (Ger. P. 1.85506); 
Bracq-Laurent (Ger. P. appl. H52846); Grunewald and Welsch 
(Ger. P. 232044); Bragg and Moritz (Gcr. P. appl. B52486); 
Parent (Fr. P. 424269); de Spirlct (Ger. I'. 236089); Scherfen- 
berg (Ger. Ps. 236090 and 237215); Hubncr(Gcr. P. 236669); 
Havris (B. P. 23331 of 1910); Kenwick (Amer. P. 981880); 
Hardingham (B. P. 193 T 4 of IQ 1 0 - 

C. Sulphur Dioxide from Zixc-Bi.k.mi’: a<nd 
. other Sulphides. 

, • . 
Zinc-blende is nt*w the most important «f all zilic-ores, and 
must be always converted into zinc oxide by a thorough 
roasting. This is nothing like so easy as with pyrites, since, 
on the one hand, blende contains at best only about 33 percent., 
sometimes down to 18 percent., of sulphur, and, on the other 
hand, it is*mjjch more difficult tft burn out than iron or copper 
pyrites, zinc sulphate being formed, which is very difficult to 
decompose! As the manufacture of zinc requircs*tlyit nearly all 
the sulphur’should be driven off, and as the‘burners employed 
for pyrites arc useless in the case of biende, the lattef was 
formerly roasted in reverberatory furnaces, all the sulphur 
dioxide passing away with the furnace-gases. This wjild 
probably be done even fcow, if the {laofags produced by the 
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acid smoke had not caused the sanitary authorities, both 
in England and on ,.the Continent, to. impose upon the 
manufacturers the dutj' of doing <their best to condense the 
acids contained in the smoke, the damage caused by which has 
been described, supra, pp. 269 ct seq. 1 

The development'of the processes for abolishing the acid- 
smoke yuisance and utilising the sulphur in connection with’ 
'the roasting of blende, at least in one of the most industrial 
parts of Germany, has been described at length by Robert 
Hasenclevcr ( Z. Vercin. dcutsch. Ingen., 1886, p. 83; Fischer's 
Jahrcsbcr., 18S6, p. 257), of whose paper we give a short abstract. 
Before 1885 all the blende consumed at the large Stolberg zinc- 
works was roasted in ordinary open furnaces by a direct 
coal-fire, the gases from which contained only about 075 per 
cent. SO., by volume and escaped into the atmosphere. In 
1855 the Rhenania Chemical Works at Stolberg erected a 
furnace, intended to utilis'e the larger portion of the S 0 2 . 
This furnace, the invention of Friedrich Hasenclever, was 
the first by which the gases from roasting blende could be 
utilised for the manufacture of sulphuric acid. It consisted 
of a long muffle-furnace, in which the ore was shifted along 
the hearth from back to front by manual labour. Thus half 
the sulphur could be utilised for the manufacture of sulphuric 
acid, but with great waste of nitre. Godin improved this 
furnace „by placing a series of muffles on the top, which the 
ore had to pass gradatint ; but this apparatus was 1 given up 
again for the Gerstcnhofer furnace (supra, p. 463). By this 
comparatively rick gases- were obtained-, but the immense 
^quantity of flue-dust was very troublesome, and it proved too 
difficult to combine this furnace with another for finishing the 
roasting. After this several arrangements, were tried by 
Hasenclever and Ilelbig, but the^p showed various drawbacks; 
and this led in 1874 to the construction of a new furhace, which 
has been fully described' and illustrated in thz first edition of 
this work, ,pfj. 20J-204; we describe it only briefly here 
(Fig. 129). It'consisted of a reverberatory furnace, on the 
top pf which was’placed a muffle, c, reaching all over its length. 
The bottom of this muffle., forming ths t6p of the reverberatory 
furnace, was heated directly; the flame of the furnace passing 
over the roof of the muffle heated this as well, and then passed 
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under an inclined plane at an angle of 43°, at the top of which, 
.at a, the fresh (powdered) blcnfie was fed in. The ore, on 
sliding down this plane (^nrdtions, d % d, preventingMts transit 
from becoming too rapid), underwent a preliminary heating by 
.the hot guscs passing underneath ; this heating was continued 
in the muffle°r r, where air was admitted and as muOh of the 
sulphur was burned away as possible. At last tire semi-burnt 



ore was pushed down into, the furnace .4-, where it was burned 
completely by the fire from «he gas-producer A lhe sulphur 
dioxide fornyd heroes certainlyMost, and it constituted no 
inconsiderable portion (generally more than .one-third) of the 
whole; but tha*t formed in the muffle and«on. the inclined plane 
* is strong enough to.be carried into lead chambers and converted, 
into sulphuric acid.'cejtainly at no grept* profit, if any. * 

A large number of Hasenclever fumades were erected on 
the Rhine and in SileAa, but they wc vt found toVitilisc op an 
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average only 60 per cent, of the sulphur as sulphuri/acid. The 
remaining 40 per cenf. SO.)'being mixed with the fire-gases, 
still escaped into the atmosphere,, and were blamed for even 
more damage than they actually caused, the part played by 
the numerous zinc-works, glass-works, etc., being 'generally 
overlooked by the public (if. p 113). We shall Veturn to this 
subject in the seventh section of this chapter. 

* All these furnaces have become obsolete by the construction 
of blende-roasting furnaces, which permit of utilising the whole of 
the sulphur of the ore in vitriol-chambers , and thus do away with 
the extremely troublesome processes for absorbing S 0 2 , from 
fire-gases. All these modern furnaces have one principle in 
common : they combine the heat produced by the burning of 
the blende sulphur with heat applied externally, but in such 
manner that the fire-gases are kept entirely separate from the 
roasting-gases. It has been found that this indirect heat suffices 
for complete])’ roasting the blende. 

The furnaces which first realised the principle of utilising 
all the sulphur of the blende in vitriol-making, by completing 
the roasting by means of indirect fire, were invented by 
Max Liebig, who had the idea of constructing a sort of shelf- 
burner with shelves partially hollow and heated by indirect 
fire. His invention (Ger. P. 21032 of Kichhorn and Liebig) 
is described and illustrated (from the patent specification) in 
our second edition, pp. 273-275. Cf. also Eichhorn’s report in 
Fischer's jahiesber., 1889, p., 332. ' 

We omit the description of, the original style of these 
furnaces in favour of a modification known as “ Rhenania 
furnaces,” because they were constructed at the Rhcnanih 
Chemical Works at Stolberg (managed by R Ilasenclevcr). 
These are now widely used, not merely for blende, but also 
for other poor sulphur-ores ,in the state of smalls or even of 
“peas” (pieces up to -}-in. diameter), and for metallurgical 
products (matte) of the same kind. 

The Rhenania furnace is shown in Figs. 130-133, in a 
shape in whiefi it .has been used for several years, and which 
embodies the same 0 principle as the furnaces actually at work* 
at present, which merely; differ from the above in details, to be 
mentioned below." These furnaces require two men per shift, 
anrj roast about 4 ton., r blcndc per twenty-four.hours, with a 




aiifj roast about 


4 tori* blende per tvjfjnty-four hours, with a’ 



FROM ZINC-BLENDE 


505 


• | 

consumption of 16 cwt. of coal. The temperature of the top . 

muffle is 580 to /iyo', that of Ihe following muffles 750’' to 
900°. The# progress of rqashng is .shown By the'following 
percentages of sulphur : ~ 

. Raw ore .... i<j-2 26-S 26-5 

Entl of first nloftle . . . 17-6 .9-1 10 21-y 15-9 to 21-4 

„ second „ . . . 12-0 n-2 ,, 14-2 9-9 „ 12-4 

„ tlflrd „ . . 3-4 1-02 ,, 1-48 (?75 „ i-r6 

* „ roasting . . . o-6 035 ,, 102 — 

In the case of richer ores the second muffle tloes not require 

heating; the fire-gases may be conducted below the third 
muffle without a partition, and then at once over the secon 1 
roasting-bed. * 

Jahiie [Z. an^cw. Chan, 1894, p. 305) describes some 
experiments made with these furnaces. They are greatly 
improved by arranging a partition cutting vertically through 
all three muffles and thus dividing the furnace into two parts, 
without any change fn the firing. This admits of roasting 
30 per cent, more ore down to the same percentage of sulphur 
and saves labour. It is best to build two furnaces Lack to 
back. On the top beds the ore is spread fli layers twice as, 
thick as on the bottom beds, leaving small gaps between the 
charges, to prevent their getting mixed. It takes three or 
four days' before a batch charged it the top is discharged n± 
the bottom. The raking over aiyl moving'on of the batches^ 
following upon the discharging of a,finished batch, requires four 
hours. The* most careful work must be .bestowed upon th? 
finishing of the batches in the hottest pla^e; this'lasts at best 
one and a half hours, usually thiee to four hours, sometimes 
seven to eight houns. Tests are made by adding hydrochloric 
acid to a sample, and looking for 'any evolution of H.,S. The 
sulphur can be brought dtwj-n to o 1 or 0-2 pc? cent.; it ought 
never to exceed 1 per cents, except in the case of blende 
containing linyistone, which may retain 2 or 3 per cent. S 
in the sliape ol calcium sulphate. In regular* \j;ork a charge 
of 9 to 12 cwt" roasted ore is drawn evtry six hours. One 
hundred parts of raw blende average 85 of roa ted ore, and hequing, 
25 or 26 parts of goods coal. The funaaccs arc provided*™!)-! 
large dust-chamhd^, which must be clcaVcd every few weeks 
The dust consists mainly of zinc sulphate a#d calcium sulphate. 
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Lead oxide is carried farthest, even through the ten cylinders 
of a Hargreaves’ plant qpnneLted with the (urnace at Stolberg, 
right into, the earthenware recfiv^r-i of the acid'condensing 
plant. If the blende contains mercury, that metal is fqund in 
the mud of the vitriol-chambers connected with blende-furnaces, 
and cad be recovered from it by distillation. * 

In Client. Ihd., 1899, p. 25, Hasenclcver gives some more 
details respecting the Rhenania blende-furnaces, which 119W 
roast 4700 kg. blende in twenty-four hours with two men per 
shift. Only for poor ores the fire plays round all the muffles; 
generally the ore is roasted in three superposed muffles and the 
fire plays only round the top and bottom muffle. Two furnaces 
are built back to back.’ In order to avoid annoyance, to 
the men, there is a space of 25 ft. between two opposite 
furnaces. Six furnaces arc connected with one set of chambers, 
their flues being built closely together, to keep the heat, until 
they unite just in front of thd Glover tower. 

At Oker (1902) all•“ fines” of the ores used there passed 
through a 7 mm. sieve are roasted in Rhenania blende- 
furnaces. Each furnace roasts from 3-55 up to 5 tons ordinary 
ores or matte, according to whether the roasting is driven to 
3 or to 7 per cent. S in the residue; and from 3 to 4-5 tons 
regulus, according to whether 2 or 6 per cent. S is left in the 
.residue, * 

At Freiberg the Rhcnaiya furnace is used (1902) for pyrites 
smalls and peas” down «to 5 mm. size (j in.) foh blende, 
•recently also for matte and speiss, containing about 20 per cent. 
S, 25 per cent. Cu, a,nd 20 per cent. lead. ,For ores containing 
rather more sulphur the furnaces are provided with three muffles 
directly superposed. The fire-flue passes underneath the hearth 
of the bottom muffle, rises itp at the end of thi<j and along the 
ends of the second and the top 'muffle, and returns along 
the roofing-arch of the latter, sU that the fire-gasps ‘heat only 
the bottom of the lowcsf and the top of the, highest muffle. 
For poorer qres the furnaces have only two muffles, the fire- 
gases passing both' under their top and over their bottom and 
between both muffle. 1 ;. With such furnaces, whether containing 
tV. -.or three muffles, the. sulphur in the* cinders from pyrites 
“ firyis" is_Jjroiight' down to 2 per cent., from pyrites 
“ peas” to *j per c<jnt*frojn blende tV 1 per cent., from matte 
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and speiss to 5 per cent. Each furnace takes 3 ?, to 4 tons ore 

per twenty-four nours, with a (consumption of about 12 cwt. 
lignite and 6 cwt. coal; the v'ork is done by two m,en per shift 
of twelve hours. ‘ * 

At Gtolberg, in 1902, each furnace turned out 8 tons of 
roasted blende per day, with four mer per shift, twcj on each 
side, and from 14 to 18 per cent, coal of the weight of roasted 
ore. Th*e blende must be crushed to pass through a sieve of 
2 mm. meshes. The product in the absence of lime shows 0-5 
to 1 per cent. S, in the presence of lime correspondingly more. 
The roasting is stopped when a sample, treated with hydro¬ 
chloric acid, docs not stain lead paper. Sulphates (apart from 
calcium sulphate) are most easily formed when the furnaces do 
not go hot enough, eg. after stopping for Sundays ; once formed 
they are never completely decomposed. 

Bemelmans (Ger. P. 76775) describes a furnace for roasting 
both pyrites and blende in separate compartments ; the sulphur 
vapouj obtained from pyrites, sometimes by addition of coal, 
is utilised for removing from the blende (which must not be 
mixed with coal) arsenic, antimony, and phosphorus in the 
shape of volatile sulphides. • 

Michel Ferret (Ger. P. 37842) modified his well-known 
turnace for burning fuel in the shape of dust so as to roast 
blende, without mixing the fire-gases with the gases evolved by 
the burning blende. The principle is very similar to that of 
Eichhorn and Liebig. 

Max Liebig (Ger. P. 23J034) roasts blende or similar ones 
completely without‘any external heatipg of the furnaa?, by 
passing air, heated to about 1000' L\, over the ore in* spaces, 
well protected against loss of heat. 

Petersen (Ger. P. 196216) roasts blende in two furnaces, 
provided with a single fireplace, Pom which the gases first heat 
the lowfest muffles of one of the furnaces* where the last stage 
of the roasting takes place, then the lower muffle of the second 
furnace,‘and only then they are divided intQ two streams for 
heating the higher muffles of both furnac*. . 

The Stolberg A. G., Borchers and Graumann (B. P. 24096 
of 1906) heat a mixture of zinc-blende and finely divided 
iron in an clectj/f> resistance furnace, in*wlrich the charge forrrfi 
the resistance„to 1000"*0 1500°, in a ccyitii/ip>us protess Metallic 
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zinc distils off and' is condensed in the ujiual way ; FeS remains 
behind in the molten st?te, it; tapped off from time to time, 
then roasted, and the SO ( , given off J.s used for the manufacture 
of sulphuric acid. 

' Mechanical Blende-roasting Furnace!,. 

A furnace constructed by Zellweger and described in Eng. 
altd Min.J., 1900, p. 2C1, shows a roller-shaped stirrer. It turns 
out 30 tons in twenty-four hours. 

Encke (Gcr. I’. 211433) describes a mechanical stirrer for 
blende-roasting furnaces of long shape, which saves much space 
and can be also applied to ordinary muffle furnaces. 

The burner patented by J. Haas (Ger. P. 23080) is very 
similar to MacDougall’s (if. p. 474), but the single chambers, in 
lieu of having simple brick bottoms, arc separated by flues 
through which pass the firc-gaSes from a coal-fire. Mechanical 
stirrers move the ore from the top shelf over three others and 
ultimately into an open 'hearth, where the last roasting takes 
place. 

Hegeler’s burner is a combination of an Eichhorn and 
Liebig’s burner with a stirring arrangement somewhat similar 
to Spence’s (p. 488), but differing from it in some important 
practical details. This furnace works most successfully at 
Mathiesen and Ilcgeler’s zinc-works, La Salle, Ill.' It treats 
35 or 40 tons blende with 28 per cent. S in twenty-four hours. 

Muhlhauser (Z. angcw, Men/., 1910, p. 347) describes the 
evolution of this burner and its present sphere of application. 

A mechanical blende-roasting furnace? patented by the 
Chemische Fabrik Rhenania (Ger. P. 61043) has not been 
actually erected (filmn. hid ., 1899, p. 26). 

The burners patented by (he Sociele Vieillc Montague (Ger. 
Ps. 24155 and 36609) are mechanical Burners in which the flame 
jf the coal-fire is not'separated freftn the roasting-gas.es/' These 
turners have been continuously at work at Obeohausen since 
1883. Their construction is shown in Fig. 134. There are 
several superposed circular calcining-hearths, A, A, to which is 
lttache /1 a square talriner, 15 . The ground ore is charged 
:hrb'c,g/, hopper a by means of fecding-nollcrs and flues on to 
.he tep chamfaet and, gradually finds its way'Hownwards and 
nto‘B. The fire oGlhe‘fuel burning 6n grate-T first passes 
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over B, then over the circular hearths A, "A, into the dust- 

chamber C and into the flue S. /The agitation is procured "by 
the vertical shaft b and arms c, e, the stuffing-boxes being 
packed with asbestos. Shaft 0 is contained in an outer pipe .if, 
and the air rising between them acts as a cooling medium. 
The’armscar*/ tooth-rakes, m, in a radial position for tin! purpose 
of stirring, and slanting solid rakes,/, which move the ore from 
the circumference to the centre, or the other way, as is required 
lor the purpose of gradually transporting the ore downwards 
and ultimately on to hearth 11 . [These furnaces, which had to 
be frequently repaired and made much flue-dust, are being 
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gradually replaced by hand-worked imiffle-furnace.s, although 
according to l’ierron (.Mouit. Silent ., 1900, p. _r6a) they consume 
only IS parts coal for too blende.j 

The O’Brien mechanical furnace (cf. siiprti, p. 497).has also 
been adapted to the roastii.g of zinc-bldnde. It is for this 
purpose surrounded by a muffle, and is supplied with additional 
heat under three shelves, either by gaseous fuel* or by pulverised 
fuel, or from an outside combustion furnace. This furnace is 
shown in Fig. 135. * n 

Trego (Amer. Jr. 398844) roasts blende in a furna«»>Vith 
revolving heartWf ^ • • 

Spirlet £Fr/l\ 415&8; Ger. I’. ?S&JSp)* employs for blende 
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.a succession of fixed and moving trays, tlpe latter revolving on a 
vertical axis with stirring,bladts, only the lowest tray is heated. 

Schmietler (Ger. P. ,244131) inscribes a revolting tube 
closed at both ends, with air-channels in the walls of the, tube, 
where the air gets heated and issues into the zinc ore through 



'/ 


holes protected by slanting pieces or by segment itubes against 
the entrance of ore dust. ' 1 

Schiitz (Chew. Z'cit., 1912, p. i£) discusses the older‘blende- 
roasting furnaces and modern patents in the samct'line.. 

Olga Niedepftihr (Ger. P. appl. N10070) describes a m/schanical 
roasting-furnace \Vitli special cooling-channels in the hottest 
places ^'on the top a'-covering of roasted ore in a granular form 
is s’pt&d, which at the saVne time serves as kilter for the dust. 

Other blende-roasting furnaces are desemv'd in the B. P. 
13625 (1909)'; 3843 wild 3'98>i (1911), oflslerton and .Ridge. 
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Felix Thomas (Choi Zcit. Rep ., 1910, p. 576) roasts blende . 
at a low temperature in order to obtain .zinc sulphate, and de¬ 
composes this by air containing much steam,'according to the 
equation: ZnS 0 4 +ILO = ZnO + H.M- In order to produce . 
•steam and heat from within as’well as from without, the roasted 
ore i*s made into briquettes with fuel. The decomposition of 
zinc sulphate in this case begins at 600 and is .unshed at about 
S20 0 ' it can be therefore carried on with damp air at 100 lower 
than when working with dry air. He recommends briquetting 
the zinc ore with tar, pitch, caking-coal, etc., roasting the 
briquettes in the oxidising dame of a gas-producer at 7°° to 
750 , and in the end going up to 820”, preferably in revolving 
furnaces. This he expects to economise time, fuel and loss of 
ZnO by volatilisation, to facilitate the application of mechanical 
roasting and to improve the result of roasting. 

According to Hasenclevcr (/. Soc. them. [ml ., 1911, P- -> ) 
there is very slow progress in Germany for roasting zinc-blem 
byr J,ci Many Gem,,, line-work. ha.e 

large sums of money on experimental furnaces of their o 
construction. The main difficulty in that respect seems to bp 
the fact that most of the zinc-works are obliged to work with 
blende containing some lead, which ores sinter on roast., g, 

and stick to the rods and moving parts. 

Rules/jr Roasting Blende and svmlar loon Ores , and fj 
Treating the tW^.-Hass.eidtyr (Z. angem. them ., 1906.. 
, p. 522)'maintains that roasted blende should contain as it c 
sulphur as possible in the shape of zinc sulphide and sulphate, 
whilst other sulphates have no injurious fiction ih the util ■ - 
t.on of the cinders. His analytical method for the estima¬ 
tion of zinc sulphide and sulphur has been mentioned, sup 1, 

P ' ^oeltz and Grauinannt^cw. Cent,-.. ujo 7,1. 1467) made an 
investigation on the decomposition and formation of ZnbU, 

during the roasting of blende. 

Prost \Bull. Soc. Clam. Belg ., i 9 n, P- 103) p^es that in th 
cinders from blende containing lime the sfllphur is in the stat 
of calcium sulphate, not in that of zinc sulphate. 

Juretzka (Ger. j* aj.pl. J. 2275) makes the sulphate^ 
tained in cincW'from blende, harmless, for the 
distillation proems by mixing them with dry lime ifh c 



512 


THE PRODUCTION OF SULPHUR DJOXIliE 

t , ' 

, with water. The" roasting-process remains in the usual form, 
and the whole of the sul^hidj.-sulphur is obtained as sulphuric 
acid. The, calcium sulphate is« lgft in the cindcis without 
interfering with the distilling-process for zinc. 

Pape (Ger. P. appl. P26589) removes the sulphur from zinc 
sulphatd by adding ziic oxide before the ignit'ion. Thereby 
the SO., is split iff on ignition completely and at comparatively 
lew temperatures. , 

Jctisch {/.. tl&gcw. Chew. 1894, p. 50) shows by analyses that 
the sulphur in roasted blende is contained therein mostly in the 
state of iron sulphide ; already when roasting down to 2 per 
cent. S there is no more Z11S in the cinders. It is therefore 
unnecessary to carry the toasting down to 05 per cent. S in 
the cinders, as is frequently demanded, 

Nemes (Fr. 1 ’. 42685 t) blows finely powdered pyrites, blende, 
etc., into a furnace where they«slidc downwards on an inclined 
plane. The hot roasting-gaSes travel underneath that plane. 
For roasting blende a special heating-contrivance is provided. 

Hubner (Ger. P. 236669) roasts blende in a vacuum in 
several superposed chambers. 

Treatment of C omplex Ores euntaininp I'dende , Copper Ores , 
and of Other Oi es yielding Poor (Pises. IIart(/. S01. Chew. Ind., 
1895, p. 544) proposes treating such ores with sulphuric acid in a 
,‘ialt-cake pot, and when the mass has become pasty, transferring it 
to a blind roaster and finishipg it there, all the gases going into 
vitriol-chambefs. The zinc , r emains behind as sulphate, which 
tan be obtained by Jixiviation and crystallisation; or else it is 
mixed with p’oor zitiCfore and roasted, in \vh;ch case the oxygen 
’ of th£ sulphate combines with the sulphur of the blende. The 
reaction seems tc^be: 

t ZnS -t- -)S()., - ZnSO| + 4S().„ L 

The Maschincnbauanstalt Humboldt (Ger. P. 1606^4) treats 
ores composed of pyrites aftd blende as follows :-,rrThc ore is at 
first but slightly roasted, so that on the surface the FeS., is 
converted into Foo.* It then passes a magnetic separator, and 
after leaving this, b'efj and ZnS, now separated, are roasted in 
furnaces. He*e FeS is completVJy roasted, and the 
gases,»which are Vuj^erheated and contain StsT-sre passed intc 
the.furnace Vhere t^e inS.is completely roasted, employing sc 
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much air th;, the gases leaving this furnace'can be employed 
for the superficial roasting of FeS,^mentioned in the beginning ; 
hence then* is no fuel required for .this, and the gases passing 
out of the first furnace contain all the sulphur of the ore as 
SO., in such concentration that'it can be advantageously worked 
up. ’Another patent of this firm (Ger. 1 ’. 161154) treat's of the 
case of ores containing but little pyrites, not sudicient for yield¬ 
ing enough heat on burning to roast the blende. l*his draw¬ 
back is remedied by mixing such ores with enough fresh pyrites 
to yield sufficient heat on roasting for the roasting of the blende. 

In order to enrich the SO., gases from ores not yielding 
sufficiently good gases, J. G. Jones (Amcr. P. 872822) burns 
raw brimstone in a horizontal furn.tce and passes the heated 
gases into a horizontal revolving furnace, in which the poor 
sulphur ores travel in the opposite direction ; thus both sources 
of sulphur are utilised for producing gas rich in SO,. The coke 
produced is continuously removed from the revolving furnace. 

O. ijliedenfuhr (Ger. P. appl. N190G9) effects ‘.he simul¬ 
taneous roasting of easily burning and more difficultly treated 
ores (only of pyrites and zinc-blende) by preventing the ores 
from getting mixed. On each shelf of the burner there is only 
one of this kind of ores, in turns ; or one furnace is arranged 
inside the other, with special stirrers. 

Channhig and Falding (Amcr. P. 962498) utilise the gasej 
from the “pyritic smelting" of iopj>cr oin, which hitherto were 
wasted Jn account of the irregularity of their composition and* 
the small pefeentage of SO, contained therein, in the following* 
manner. The addition of coke in the fusjng process is kept as 
low as possible, in order to avoid unnecessary dilution tff the " 
gases with CO, and N ; say, 1 part coke to 4 yarts of available 
sulphur in the^sulphides. The ah-blast is to be regulated in 
such manner that, after the oxidising processes have been 
accomplished, an excess of 4 .or 5 per cent. O remains in the 
gases. In order to keep the percentage of SO.,' in the roasting- 
gases betVeen 5 and 8 per cent., as is the rule both for the 
chamber-”and tKe contact-process, and *to. obtain gases of 
'uniform quality, they are conducted from .the single furnaces 
into a large mixing^hamber; if they are too rich in SO,®:d^'is 
introduced in same suitable place; if t Jo °poor, some et the 
furnaces are digged wi^Ji richer ore. t .' , • • 

* . ,2.K 
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Reverberatory furnaces applicable to the production of 
blister copper, together ^vith SO., in a statc„in which it can be 
used in vitriol chambers, are defer,ibed by T. Walker in B. P. 
9918 of 1909. 

The recovery of sulphur tridxidc and sulphuric acid from, 
the gasbs of “ pyritic "icopper smelting, containing 3) per cent. 
SO, is described'in detail by Freeland and Renwick {Eng. and 
Ifin.J., 1910, pp. 1116-1120). This is done by the Ducktown 
Sulphur, Copper, and Iron Co. in Tennessee to the extent of 
160 tons acid of Co 1 ' Be. per diem. 

Carmichael (Ger. P. 175436) roasts ores and metallurgical 
products containing sulphides in a converter, with addition of 
calcium sulphate or sulphide, in such manner as to obtain, on 
one side, the metals as such, and, on the other side, gases rich 
enough in SO., to be worked for sulphuric acid. 

Sweeting (Fr. P. 36180S) “Utilises the SO., given up in the 
roasting of antimony ores by absorbing them in water; the 
antimony oxide carried, along with the gases is filtered or 
decanted off. 

The furnaces or kilns for roasting ordinary copper-ores, lead- 
ores, and so forth' as far as they arc not mentioned in previous 
places, cannot be described in this book, as they belong to 
the domain of metallurgy proper, and in these cases the 
i;.oasting-gases are, if at all, sent into vitriol-chambein merely to 
get rid of them, but without Jhe expectation of profitable work. 

We merely mention a fe\v modern attempts to obtain work¬ 
able roasting-gases from such ores by new methods. 

Sebillot (B. P. of 21616 1898) chargej; cuprous or other 
sulph'ur-orcs, mixed with fuel, into a furnace provided .with 
air-blast. The gfises are taken into a chamber containing coke, 
pumice, or a suitable metallic oxide, where thpy are treated 
with air and steam, and where sulphuric acid is formed (cf. 
Chapter IX.). « , 1 

The ordinary lend ores imelted in Europe contain but 11 to 
15 per cent, sulphur, and by the old roasting processes yield 
burner gases containing about 1 per cent, of sulphur which are, 
of coufse, quite useless for the manufacture of sulphuric acid. 

gases are obtainedrby the proqes^of Huntington and 
Hcbctlcin (B. P. of 1896; 3795 of 189)4.10 which air is 
blown in a “converter* through a layer of leal? ore 3 ft. deep. 
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In the beginning and the end of the roasting, gases ye.ry . 
poor in S 0 2 are obtained ; but during the most active stage the 
gases contain up to 15 ppr } cent., SO J( and by «\Vorking a 
large , number of converters charged at different times, 
a fairly continuous gas current can be obtained, which 
is sufficiently' rich in S 0 2 for conversion into sulphuric 
acid. According to Hasenclevcr (/. Soc. Chan. Ind t , 1911, p. 
IJ91), the manufacture of sulphuric acid by that process wtis 
first introduced at the Muldenhutte at Frieberg, Winkler’s 
contact process being used ; at the Friedrichshutte at Tarnowitz 
in Silesia the roaster gases are treated by the chamber process. 

While the Iluntington-IIcberlcin converters work inter¬ 
mittently, the work of the Dwight-Lloyd furnace, improved by 
Schlippenbach, is continuous. In this apparatus (mentioned by 
Hasenclevcr, toe. at.) the air is not blown through the material 
from underneath, but sucked dou’n across it from the top to the 
bottom. This furnace delivers a ’regular gas-current of 4 to 6 
per cent. SO., by separating continuously the rich from the poor 
gases. Probably about 90 per cent, of the sulphur of the lead 
sulphide can be utilised for the manufacture of sulphuric acid, 
so that 4 tons of lead ore will yield 1 ton <>f*sulphuric acid of 1 
142“ TV. A large plant for the manufacture of sulphuric acid 
by the contact process combined with furnaces of this design 
was in the'tourse of erection at Stolberg in October ign.and 
was to be started in a few mouths. Some difficulties are, 
* certainly anticipated for the beginning, as the gases contain 5 
or 6 per cent. C0 3 and much clust. • , * 

If all the lead opes smelted in Germany were to be treated 
in this way, they would yield about 40,000 tons sulphuric acid pf 
142° Tw . per annum. The production of acidefrom this source 
in England would be about 6000 tons ; in Belgium, 18,000 tons ; 
in France, 12,000 tons; in'Spain, 7^,000 tons. 

t 

» 

D. Tin; Production of Sultiiijr Dioxide from 

o x c • 

VARIOUS OTI/ER MATERIALS. 

. . ' # 

I. Burnersjfor the Spent Ofidtof Gas-works. % m 

^ • • • 

The spent < 5 « : Je of gas-works is now generally washfcd, so 
as to obtain^ anrmonia Jhits therefrom; and is also frequeirtly 
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treated for the ferrocyanide or sulphocyanide. At all events 
the sulphur, which it contains in the free sf'ate, sometimes up 

t<>. fo per cent., is ^-ultimately 
burnt for the manufacture of 
sulphuric acid. This is some-, 
times done in ordinary brim¬ 
stone-burners, as shown supra, 
pp. 391 ct sty.; but in this case 
it is difficult to burn it out com¬ 
pletely, and there is loss of 
sulphur in the cinders. Ordin¬ 
arily it is burnt in apparatus 
very similar to “shelf-burners,” 
as shown in Fig. [36 (Hill’s 
burner). Each chamber in this 
p io ^ • case is about 10 ft. long, 20 in. 

" wide, and 9 in. high. Mac- 
Dougall’s and llerrcshof/’s mechanical burners (pp. 474 a!nd 482) 
have also been employed for this purpose. 

Cowen’s burner, Figs. 137 and 138, consists of a row of fire- 





Fic;. 138. 


^fa^gas-retorts, and requires no furtl)er\explanation. Other 
works are said To ^>urn that material in burners with very 
narrowly placed gr^t'e-'oary «• H 
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Sometimes the oxi'le is moulded into bricks and put. ijito• 
lump-burners; it burns off veiy vvelf and the cinders fall * 
through the grate-bars by. thcmsel,vej; an fact, the bars must 
be touched as little as possible. This process does not answer . 
so w # el! as shelf-burners. 

The 3 St/i Alkali Report , p. 97, recommends not to discharge 
the hot residue from oxide burners through the froitf working- 
floors, as this causes a nuisance, but to push it into chambers 
placed at the back, where they can cool off. The gases should 
be taken through long, heated flues, in order to burn the tarry . 
substances and ammonia which destroy nitre. 


2. Burners for Sulphuretted Hydrogen. 

These arc usually of a very simple description. Those 
shown in Fig. 139 consist of a brick chamber provided with 



• Fir.. 139. , 

.some baffling-walls a, a. The sulphuretted hydrogen gas 
(which is nearly always mixed with a 'arge quantity T>f inejt 
gas, chiefly nitroge:!) ia introduced ihrough the cast-irorPpipe 0, 
the supply bciTrj regulated by an inlet-valve e. Air is admitted 
partly round tfie pipe partly by -a 'special opening (/, which 
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. ought to be provided with a slicfe or otlj.er means of regulating 
the amount of air. The, heatr produced by ,\hc combustion of 
the sulphbcettecl hyd.ro^eij is qwitr sufficient for keeping the 
temperature of the chamber at a red heat, so that the ,gas is 
always lighted again if by chance the flame has been- 
extinguished. This is fc avdcd by the baffling-wa'ils, a, a, which 
serve botl| tile purpose of supplying a reservoir of hejit for the 
jilst-mentioned purpose, and of mixing the gases so as toensufe 
perfect combustion. The grate, e, is required only for irregularly 
composed gases, like those formed in the saturation of the gas 
from ammonia-stills by sulphuric acid ; especially for relighting 
the gas after stoppages over Sundays, and so forth. With gases 
of regular composition and comparatively rich in sulphuretted 
hydrogen, like those given off in Chance’s sulphur-recovering 
process, the grate e is quite unnecessary, as these gases are as 
easily lighted and kept bunting as coal-gas The doors /, f 
serve for “potting” the nitre, where it is not preferred to 
employ more rationally constructed apparatus for this purpose 
[cf. Chapter V.) The size of the whole chamber may be about 
10 to 12 ft. long, 4 or 5 ft. wide, and j ft. high. Fans for con¬ 
centrating sulphuVic acid may be placed upon it, and even in 
this case the gases will issue hot enough to do full work iij a 
Glover tower. Sublimation of sulphur is never observed with 
ordinary care in admitting the air. One very great®advantage 
( in burning^sulphuretted hydsogen is this: that, in contrast with 
the variations in the amount of SO,, in burning brimstone or 
jjy^ites, even when keeping up a regular rotation of*the burners, 
the process in this care is perfectly continuous, as the supply of 
H,.,S from the gas-holder is continuous; the amount of air need 
never be varied when once regulated ; the percentage of SO,, in 
the burner-gas is altogether uniform ; the chanaber process is 
consequently much more regtilar th#n with brimstone or pyrites, 
and the consumption of nitre is Correspondingly smaller. All 
this, however, holds good only if the peicentagc«»C II.,S in the 
gas is practicality constant, whilst with gase ( s’of vety varying 
composition, such'as those evolved in ammonia-works, the very, 
jpntrafy is the case 1 . . 

^ft'must be remarkc'i.1 ,»hat at somor wftrks, in burning the 
sulphuretted hydrogen from the Chance process, an increased 
consumption of nitre has* been noticed, 1 'whilst ap others a saving 
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in nitre in comparison with the burning of pyrites has been • 
effected. Evidently in the former -a£e the quality of the 
sulphuretted hydrogen has net been, a£ it ought tep be; it has 
no dopbt varied in percentage, and may even have contained a . 
•notable quantity of carbon dioxide, so that the chamber-process 
would not be as regular as desirable. Sometimes it Iras been 
noticed tljat the combustion has not been quite perfect, so that 
syblimcd sulphur has been found in the Glover tower or even in 
the chambers; but this is evidently owing to mistakes and 
careless work, and should not occur with ordinary care. 

In 1S86 K. Lombard {Nonit. Scinit., 1889, p. 1231) described 
a shelf-burner for sulphuretted hydrogen, consisting of two 
separate compartments, 7 ft. 6 in. deep inside. There arc four 
shelves, 6 ft. 6 in. long and 1 ft. 4 in. wide, formed of four fire¬ 
clay slabs each. The top shelf is perforated with many holes, 
and occupies the whole length And width of the furnace ; the 
other shelves arc not perforated, and leave at alternate ends a 
passage of 12 x 16 in. for the gases. Mach furnace is provided 
at the base with four burners for ILS and two air-tubes, 
disposed in two tiers of three each, the air-tubes occupying the 
central places. The burners consist of firc-clSy tubes, 6 ft. 6 in 
long, i.l in. wide inside, and in. thick, projecting two-thirds of 
their length into the furnace, and provided on the top with slits 
or holes fo, dividing the gas. They arc connected in front by«a 
cast-iron tube with a stop-cock fur regulating the flow. Thy 
air-tube' is 2.', in. wide, and is provided with an iron thimble for 
regulating the quantity entering. The •gaseous product^ (Tf 
combustion pass injo a flue, 1 ft. G in. X2jt., on the top of the ^ 
furnace, then into a small dust-chamber, and then into tjae 
Glover tower. Total height 6 ft. The pressure of the gas is 
= 11 in. of water; it is said to wofk very well. 

Simpson and Parnell (ft. J 1 . 147 Pi of 1886) regulate the supply 
of air and gas in any desired proportion, so* as to obtain either 
free S or Sf>„ by employing two vessels, each of which is 
provided yvith an inlet and an outlet valve, lioth vessels are 
.filled and emptied simultaneously by a mefliatiical arrangement, 
the two vessels acting in conjunction, so that the gas c^itcjing 
and leaving one of the vessels bears a constant proportion to 
the quantity eff air entering and leaving tht other vessel. • £Such 
an arrangement, very ufcful as it undobfrtedly is for the protluc- 
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tion.of free sulphur from II,S, seems unnecessarily complicated 
when the object is that of burning the H 2 S with an excess of air 
for the putpose of sulphuriq-acid manufacture.] ‘ 

Barth (Ger. P. 235157) converts the H.,S contained in the 
gases evolved from gas-liquor by burning into S 0 2 , and mixes 
the combustion products again with the first gas£'s, before they 
are carried further into the apparatus for retaining tjie NH,, in 
the shape of ammonium sulphate. . 

3. Processes for Absorbing Sulphur Dioxide contained in Acid- 
smoke, Fire-gases, and the Like. 

The abatement of the nuisance caused by the acid-smoke 
given off in metallurgical and other operations presents special 
difficulties where the percentage of acids is so slight that their 
utilisation by condensation or by conversion into sulphuric acid 
is out of the question ; that is,'if less than 4 per cent. SO., by 
volume is present. The dam'age done by such acid gases has 
been described in Chapter II I., pp, 269 et seq. 

A survey of the processes tried a number of years ago at 
Stolberg for dealing with acid-smoke has been given by Hasen- 
r clever {Fischer's jahresber., 1881, p. 173). All of these will be 
mentioned below ; they all have one common feature : they jre 
very expensive, and at the same time they hardly ever attain 
their purpose completely. 1 

The problem of dealing with the enormous quantity of 
sulphur dioxide contained iin ordinary coal-smoke has been 
hardly ever attacked' in a serious manner, as the expense and 
inconvenience of an,y imaginable measures for this purpose 
have hitherto appeared to be quite unbearable ; and it does not 
seem as if this wcuild be different in the near future. The only 
practicable remedy in this case, as well as in «some cases of 
metallurgical smoke, is to dilute thy gases with a large quantity 
of air, by erecting very tall chimfceys for carrying them up to 
a considerable height above the surface of th«* earth. Such 
chimneys havy been made up to 450 ft. in height. Ijj the case 
of hydrochloric acid' they have entirely failed in their object 
(cf. Vok II.), but in Chat of sulphur dioxide the dilution of air 
is htare efficient. FrOyt^rg certainly 1 estimates (somewhat 
arbitrarily) that smt>ke is harmless only when it does not 
contain beydnd 0 003 per cent. SO., b^- volumes but since, for 
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instance, in lead-works .the percentage of SOj in the main Ages,. 
where all the smcke and fire-gases arc* mixed, rarely exceeds 
OI per ceftt., it is very like’y that, if, the* gases are allowed to 
escape only 200 ft. or more above any vegetation, they get 
• sufficiently diluted with air in their descent to become harmless. 
This isowing to the fact that sulphur “dioxide diffuses pretty 
equally iij the air, whilst hydrochloric acid, sulphuric anhydride, 
.afid salts, etc., which form visible fumes, generally reach tile 
ground in a very little-divided stream, and cannot therefore be 
made innocuous by very tall chimney-shafts. In fact, this is 
the only explanation why the scores of tons of sulphur dioxide 
daily belched forth in certain localities by lead-works, zinc- 
works, glass-works, etc., have not ere now destroyed all vege¬ 
table life around the works, which is notoriously the case only 
in a few isolated instances. But as such instances do occur, 
and as altogether the requirements of sanitary authorities are 
constantly becoming stricter, the removal of the acid-smoke to 
a high* level by means of chimneys cannot be pionounced a 
final solution of the difficulty, even where only S() 2 is the acid 
concerned, all the more as in moist weather the acids escaping 
from the very tallest chimneys are brought dflwn to the ground 
in a somewhat concentrated state. 

A proposal has been made by Wisliccnus and Isachsen 
(Gcr. P. 12*1.900) to dilute smoke-gases to such an extent th»t 
the amount of acid contained m them becomes ,innocuous 
This is to be attained by building within the chimney-stack a 
second lower stack, provided with pipes carried up and deyvin¬ 
wards. Air is introduced into the imu»r stack and escapes 
partly at its top, partly through the up and' down pipes, thus 
intimately mixing it with the chimney gases. • [It is not likely 
that this process can be carried out in many cases as prescribed 
above, but it is stated in the 3 Sth Alkali Report, p. 76, that 
bringing down the percental of acids in the exit gases from 
chemical,wet k% by means of diluting them in the chimney with 
air is not«contr?ry to the law.] * -. 

, O. Schott {Dingl. polyt. J., ccxxi., p, 142) proposed 1 o utilise 
the sulphur dioxide given off in making ghtss from sodium sulphate 
for the manufacture of'Sulphuric acid. IJie^as is to b<f made 
richer in sulphur by employing for tlm ^ass-mixjure j^sum 
in lieu of limestone. Sulphate of soda, gypsum, and coal*are 
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. to be mixed in proper proportions, and .brought to a bright red 
heat in muffle-furnaces'or in elliptical glass pots, until the S 0 2 
is driven <s>ff. The fritter) residue of sodium and calcium 
silicate is to be powdered and used by glass-works; the,gas is 
to be conducted into lead chambers and worked for sulphuric, 
acid. This process setenjs entirely impracticable; especially 
since sucl} diluted gas (mixed with a great deal pf carbon 
dioxide) has not yet been utilised. , . 

Thirinn (Fr. P. 28th February 1X74; Wagner’s Jahresber ., 
I.S75, p. 391) makes a similar proposal for heating sodium 
sulphate with coal and silica, whereby a mixture of sulphur 
vapour, sulphur dioxide, and carbon monoxide is cooled. The 
sodium silicate is to be decomposed bv CO, or to be used as 
such. [As a proposal for manufacturing sulphur or sulphuric 
acid this process is evidently hopeless.] 

We will now give a synopsis of the various methods for 
treating ordinary acid-smoke, with special reference to the 
removal of SO., and SOi,. For details we must refer to the 
sources quoted in this work, to a special treatise by ('. A. 
Ilering, Die Verdkhtung des l!uttenrauehes (Stuttgart, 1888), 
.and to one by Schnabel, Metallhuttenknnde , ii. pp. 58 e.t set/. 

Condensing by water seems to be the simplest and mpst 
obvious process, looking at the great solubility of sulphurous 
and sulphuric acid in water, lint this process is in feality only 
practicable where the percontage of acids is not too slight; 
dilute acid-smoke cannot be sufficiently washed without cmploy- 
i\ig a comparatively enormous quantity of water; and, surprising 
as it is, S0 3 is even ivore difficult to condense in this way thay 
’ SQ„. ‘ It is quite certain that condensation by water can be 
made to pay only.,where the gases are sufficiently concentrated 
to convert them into sulphbric acid in lead chambers; it is 
therefore the interest of smclting-jvorks, etc., to conduct their 
processes in such a'manner that •'the acids are diluted with as 
little inert gases as possible. If the percentage«J,S0 2 reaches 
4 per cent, by .volume, they may be submitted,to the Schroeder 
and Haenisch process (vide, infra), ox they may even be con-, 
vcrled ( *into sulphuric .acid, although this will hardly leave any 
profit f.t that percentage 4 ; ljut it is enough to have removed the 
nuisance. Where, however, there is less than 4 per cent, of 
SOs in the ’gases, *>ny utilisation is ott of the 1 question; the 
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thin acid liquids obtained by washing the smoke must be. r.un . 
to waste (which in', most cases means a'fresh nuisance, and is 
not permitted by the authorities); not is the SQ, and SO., 
anything like completely taken out of the gases; and the 
.nuisance is at best only dirninfshed, but not remedied. 

At all events the contact of the /rhAorbing-watcr with the 
acid gases must be made as intimate as possible. # Thc con- 
djnsing-apparatus used for hydrochloric acid, and described m 
Vol. II,, are suitable only for somewhat strong gases ; the weak 
gases which wc are here treating of require special means, such 
as paddle-wheels or similar spray-producing apparatus, costly 
to work and to keep in repair, and generally imperfect in their 
action. 

Haworth (Amer. P. 268793 of 1882) proposed to condense 
the SO., given off in lead-smelting by water, boiling it out of 
the solution and taking it into a l>*ad chamber—an economically 
hopeless process. J 

In kieu of water, Freytag (tier. PsrgqGq, 14928, 15546) and 
Hascnclevcr (Gcr. P. 17371) employ somewhat concentrated 
sulphuric acid, in an ordinary coke-tower of large size. This 
agent retains the sulphur trioxidc much better than water, so 
that in some cases the expense of working the process is paid by 
the sulphuric acid recovered. Sulphur dioxide is aho retained 
to some extent, but only if the gases have been well cooled. 
The necessity of doing this amUof previously removing thq 
flue-dust, which is sometimes very difficult to perform, is a 
great drawback to this,as wclUas to all corresponding processes. 
In fact Frey tag’s process has been abandoned again; at the 
best it could remove only a small portion of the injurious cryi- 
stituents from the acid-smoke. (Schroede* and Haenisch, 
Chew, hid., 1884, p. 118.) * 

Babe and Pape (Ger. I’.,[<8738?; P. 199*7.8 of 1906) pass 
the gase*s, .previously cooled* and washed* through a second 
chamber, cool, i down below 0" 1 f|, by lumps of ice, or on the 
outside by,the evaporation of liquid ammonia ot*sylphur dioxide. 
.Here the aqueous vapour is condensed and rttains all the SO., 
present ijt the form of a saturated solution. If necessary, a 
little more water is introduced, or else an aqueous sol lit ion of 
salts not decomposable by SO,. • *" 

H. Howa.rd»(Amer. P. 889132) absrfrfrs >he SO* from dihitc 
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■ ga,s .by water, drives it out by heating, cools the concentrated 
gas and absorbs it by k sjtlphRc solution. < 

BorcheVs [Chem. Ceutr.,, 1909, <ii.«p. 1177) obtains technically 
available solutions of S(l, from dilute gases by repeated, auto¬ 
matic supply of water or weak solutions of SO, to absorbing- 
towers. * , : 

Dreivspn (Amer. P. 981625) utilises gases poor i,n SO, by 
absorbing this in water, and driving it out of the solution by. 
the heat of the burner gases 

Edmunds (B. P. 8006 of 1910) describes an apparatus for 
this purpose. 

Burbury (Er. P. 420596 and additions) atomises water in 
apparatus for the absorption of SO.,, and injects it into the tube 
through which the gas is passing on its way from the furnace 
to the absorbing vessel. 

Absorbing the acids by caustic lime , generally in the shape of 
a cream of lime, is one of the l oldest and, if properly carried out, 
still one of the most effiftient ways of removing the acid-smoke 
nuisance. Where the quantity of acids is but slight, and the 
manufacture in question is sufficient!)’ profitable otherwise, this 
.process is even nhw applicable, and if properly applied it does 
remove practically all the acids. The cream of lime shojjld 
meet the gases in a finely divided slate, either by flowing down 
properly constructed lowers, or, still better, by bein'g converted 
.into a spray by means of paddle-wheels or the like (cf. Rayner 
and Crookes’ patent, B. P. 1678 of 1875). That this leads to 
thq desired effect, even with the darge quantity of S 0 2 emitted 
in roasting blende, kas been proved by working on the larg^e 
sqale in Upper Silesia [cf. Bernoulli, Fischers Jahresber ., 1880, 
p. 184). But unfortunately the expense of this process, where 
large volumes of acid gases are concerned, is very serious, more 
especially as nothing like tlfe whole of the lime can be utilised 
for absorption, and'the attempt tft sell the product s.s bisulphite 
of lime (Hasenclever, Ger. P. 10710) has failed*^/ Schroeder 
and Haenisch, Ghent. Ivd., 1884, p. 118). 

According to'Jehsch ( Fischers Jahresber., 1889, p. 321) the, 
deposj? forming in'the milk of lime towers contains, so much 
lime tfiat it can ,be usctl pver again, and at least a product is 
obtahf&d containingv3^7 per cent, lime, 38-4 S 0 2 , 2-8 S 0 3 , 4-1 
C 0 2 , etc., wl'ich is very bsoful as an addition to ■animal manure 
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for the purpose of fixing the ammonia, in which respect it. is . 

equal to gypsum. , 0 * 

It has been found by Cl. ^inkier and olhe'r observers that 
the S 0 2 in smoke is much more iifjurious to vegetation if t 
accompanied by much steam, 'e.g. in smoke-gases from brick¬ 
kilns* Spitta (Ger. 1 >. 110388) proposes to absorb ifO, and 
steam at the same time by passing the gasds up and down 
several flues, into which slaked lime in the shape of dust .s 
injected from the top. The bisulphite of lime formed is removed 
from the bottom of the flues by means of special doors. 

Egestorffs Salzwerke (Ger. P. 70396) describe as a very 
efficient apparatus a series of chambers with inclined bottoms 
connected with collecting-tanks. Tile alkaline absorbing liquid 
is pumped up over and over again and brought into contact 
with the gases by means of a spray producei. 

Limestone is very much cheaper than caustic lime, and is 
almost equally efficient if employed in the proper way ; that is, 
if a very large surface of limestone is exposed to the acid gases, 
and if this surface is kept from being covered with a crust of 
sulphite by being constantly washed with a stream of water. 
Cl. Winkler has constructed a special arrangement for this 
purpose (Ger. P. 7174) which completely fulfilled its object at 
the Schneeberg ultramarine works. It consists of three brick 
chambers filled with large pieces of limestone, the roof bein« 
formed by plank covers perforated with many holes, through 
, which wetter is kept running on fo the limestohe. Ihe gases, 
pass through these chambers ^successively and in regular rota? 
tion. The absorption of SO, is excellent, but as'each cwt. of 
sulphur requires 3 cwt. of limestone, it is still too dear for’most 
metallurgical purposes, especially as any utilisation of the 

sulphur is out of the question. * 

The limestone treatmetit,is frequently employed at sulphate- 
of-ammoflia works for getting rid of thfc SO, formed by 
combustion of. the H,S escaping irom the saturators, llus 
treatment* is frequently tnentiorfed in the AVk5.l1 Inspectors 
Reports, and in the 3 6tli Report (for 189$), pp. 25 and 26, IV r 
*R. Forbes Carpenter, the Chief Inspector, states the following 
conditions as being absolutely necessary.for success isUTRere 
must be sufficient draught at the furnace, ajid the suction*at the 
condenser outlet must '*e adequate.to*s&pgly this lit all times 
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to avoid sublimation of sulpHur. Such draught might be 
supplied by injecting air,under slight pressure in the furnaces. 
2nd. The gases 'must-be completely cooled before and behind 
the furnace. If they en'cer the limestone-tower above 38" C., 
much calcium sulphate is produced, which forms a protective, 
crust on'the limestone.« The hot gases arc to be'cooled first by 
cast-iron pipes until some condensation takes place, when leaden 
pipes must be substituted for them. 3rd. The limestone-towgr 
should be made of wood planks, tongued and grooved, or of 
brick and cement, not of cast iron. [The latter material would 
surely not be dreamt of by a chemical engineer in such a case, 
but possibly it has been used in gas-works!] 4th, The supply 
of water is best made in' two forms, one constant, the other 
intermittent (by flushes), especially in the case of limestone, but 
with hard chalk the intermittent flush only may be used, at not 
too long intervals, [if the much better feeding methods for 
Gay-Lussac and Glover towers described in Chapter VI.] 

Precht ( 1 C P. 3443 of,/881) employs for absorbing S().j from 
gaseous mixtures either magnesium hydrate or aluminium 
hydrate, especially the former. It is either spread upon trays 
moistened with water, or is brought into contact with the 
gases (previously cooled to too ) in the state: of a cream, in an 
apparatus provided with a mechanical agitator, or in columns 
lij<e those employed fur treating sulphuric-acid by ^ilphuretted 
hydrogen (Chapter X.). Thi„s produces a crystalline precipitate 
of magnesium' sulphite, besides a solution of magnesium sul¬ 
phate. On heating the magnesiu/n sulphate to upwards of 200° 
the' SO., is split off, apd can be condensed ;y> such or converted 

• into Sulphuric acid, whilst magnesia remains behind, together 
with about 3 pey cent, magnesium sulphate. The latter is 
heated with coals, and thereby converted into IVJgO, remaining 
behind, and a mixture of SO., ai^cl'CO,, which is utilised in 
vitriol-chambers [that will be thardly possible!]., ‘M. Lyte 
( ’J. Soc. Chan. Ind., 1882, *p. 165) gives^a details'], description 
of this process, ..with diagrams. It has been tried ,at several 
places, but has evidently been found too little advantageous for ( 
most purposes. * t 

1 Alumina is included* ii). Precht’s patent, but is less efficient 
than ynagnesia. Sometimes acid gases have been passed through 
layers of clay-slate,.(sc < nist), whereby lulphate of alumina has 
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been formed, but this proccs.-f is evidently only practicable 

under special local circumstance^. 

Zinc carbonate or oxide was* proposed by Schnabgl (Fischer's 
Jahresbcr., 1882, p. 266), who had "pitviously made manifold 
attempts at the I.autenthal smelting-works for treating the 
acid-Smoke, a'! without any sufficient success. Ultintately a 
process was adopted (Ger. P. 16860), consisting in passing the 
gases ovef basic zinc carbonate moistened with water. Zi»c 
sulphate is formed, which, on heating (preferably mixed with 
coal), yields sulphur dioxide, to be converted into sulphuric acid 
in lead chambers, and a porous residue, consisting of a mixture 
of zinc oxide with basic zinc sulphate. Schnabct’s apparatus is 
rather complicated, and the result hot very satisfactory; the 
process is very troublesome to carry on, and costs much more 
than the value of the sulphuric acid obtained (a provisional 
protection, 5416 of 1881, for this process was taken out in 
England by M. Lyte). » 

Fleitinann (Ger. P. 17397) passes* the sulphurous gases, 
together with some air, through a kiln containing a mixture 
of ferric oxide and coal. The latter, in burning, yields the 
necessary heat, and at the same time reduce*, the 1'e.X)., and 
S 0 2 , so that P'eS collects at the bottom. 

In Saltlake City the SO., contained in the smoke of the 
copper-worlds is retained by the bases of scoria blown into a, 
kind of glass-wool. , 

Metallic iron, moistened by water, was employed by Winkler , 
(Ger. P. 1442^), but was not fpund practicable for dilute acid* 
gases. Thorp (B. P. 8862 of 1889.) again ,recomntends towers 
fified with scrap-iron, and kept moist with water or a solution 
of ferrous sulphate, the temperature being maintained at from 
49°to7i°C. • 

Metallic copper or sine , iti very finely divided form, was tried 
at the Fritnkfort Schcidcansta]!, but without sufficient success; 
but at the s;>iry; works the following interesting process was 
worked out. * • , 

Rossler* ( Dingl'polyt. eexlii. p. 278 ;•Fischer's Jahresbcr., 
1881, p. 184) showed that gaseous mixtures, containing, besides 
a large excess of air, f;tr ;oo little SO* and SO^ for being tseated 
in vitriol-chambers and otherwise not treatable in any efficient 
manner, can be jompletely deprived (if bc?th Jhe abefte acids by 
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forcing the gases,-by means of a Korting’s injector and a per¬ 
forated coil of pipes, he low thy surface'of wtJer, holding some 
copper in suspension or some cupric salt in solution. The cupric 
sulphate acts as a carrier'of the oxygen of the air upon the 
SO s , and large quantities of sulphuric acid are formed in this 
way, so 'that this procqss might even be employed for rrlanu- 
facturing sulphuric acid. At Frankfort, however, it was carried 
out in this way, that the tank into which the gases dre passed 
is always supplied with precipitated copper, from which by tins 
process cupric sulphate is obtained without any expense. 
Rdssler has also applied this principle to the treatment of 
ordinary acid-SVnoke (Ger. P. 22850), by combining a whole set 
of apparatus. This process is very adversely criticised by 
Friese [Chau. I ml., 1895, p. 137), who has made along series 
of experiments with it, with totally negative result. No oxida¬ 
tion of SO., with air to SO :1 by the catalytic action of CuS 0 4 
could be proved. S 0 2 recluses a hot solution of CuS 0 4 , with 
intermediary formation v>f cupric sulphite, to metallic ;-coppcr. 
A smooth and easy oxidation of the cupric sulphite to sulphate 
does not take place. Hence this process would be useless for 
the production of cupric sulphate, and still more so for that of 
sulphuric acid. 

A special class of processes utilises the reaction between 
sulphur dioxide and hydrogen sulphide , either both Joeing in the 
state of gases, or the latter bping in the nascent state as evolved 
'from sulphides. The reaction in its simplest form is: 1 

" , 2H..S + SO, —2H.O + 3S; 

but, apart from the fact that polythionic acids are formed by 
secondary reactions, the above reaction is .anything but com¬ 
plete in the case of very dilute gases. Details about it are 
given in our Vol. 11 , pp. 967 ct se/., edition of 1909, in the 
chapter treating of.the recovery 9F sulphur from soda'waste ; in 
this place it may suffice to 1 mention that a patentjounded upon 
the above reaction was taken out by Landsherg (Ger. P. 6364) 
in connection'with the roasting of blende. 1 ' 

When sulphide^ are employed, the reactions are even mord 
complicated, but the absorption of SO^ca',1 be made more com¬ 
plete.. Cl. Winkler '[Fischer's Jahresber., i88o„,p. 245; more 
derails in Cle.em, Inci., p. 126) described a very interesting 
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process for dealing with the gatses from an ultramarine works 
containing much S0 2 . *l'hey werg brought into contact with a 
solution of sodium sulphide , obtained from Jdie sulphate going to 
waste in that manufacture, by reducing it with coal. The SO., 
is completely absorbed, with formation of sodium thiosulphate, 
or, irf another modification, with formation of free sulplfur; but 
on the large scale sodium tetrathionate was formed, which had 
to be decomposed by heating into sodium sulphate, SO.,, and 
free sulphur. Theoretically nothing was consumed but coal, but 
evidently a very large amount of fuel must have been used in 
the various evaporations and furnace operations, with an amount 
of skilled labour out of proportion to the value 6f the products 
obtained. After having been carried out from i868 to 1877, 
the process just described was abandoned for a simple absorp¬ 
tion by limestone moistened with water (p. 525). Even before 
Winkler, in 1864, Jacob had carried out for some years a 
similar process to that just described, employing either sodium 
or calciijm sulphide, at’Munsterbusch (Jjischer's Jahn sber., i.88t, 
p. 181). 

Calcium sulphide , proposed many years ago by Dumas, 
forms also the absorbing substance in Kosmann’s process 
(Ger. P. 13123). By reducing calcium sulphate with coal and 
lixiViating, a solution of calcium sulphydrate'is obtained, which 
in very finr^y divided state is brought into contact with th£ 
gases containing SO.,. The result,is the formation of sulphur 
and gypsum : 

5SO., + 2CaH,8,1-211,0 7S + 2Cat>0„2ll > 0. • 

. 1 

The sulphur is extracted from the mixture by superheated 
steam, and the gypsum returns into the cycle, of operations fit 
is very doubtful whether this wouVl succeed!], from further 
communications by Kosmann {Fischer s Juhresber., 1882, p. 270), 
it appears that the absorbing jn odium was afterwards prepared 
by boiling sjtjljhur with milk of linte, that is, as the ordinary 
“liver of stilphur,” and’that the whole process,was entirely in 
the experimental htage (from which it doe® not seem to have 
Emerged), , « • 

Barium sulphide , u’hich was experimentally tried at Frgibtrg, 
proved much too costly. „ ’ * . 

Vegetable charcoal was.^iroposed by A.*H. Allen (11. P. 1S9 of 

• ’ , , ,2,L 
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, 1879), who passes the gases, frbed from dust, through drying- 
towers fed with sulphur if acid and then through columns filled 
with charcoal, previously ignited jn ( a stream of nitrogen, where 
the SO,, is retained, Whilst the nitrogen passes on. By a 
vacuum or by heating to 300° td 400", or by a combination of 
both, thb S 0 2 is to be (driven out and utilised. ''(This process, 
apart from the' 1 prohibitory expense, is hardly practicable, 
because the gases in question contain nearly always a large 
quantity of oxygen which will convert the SO., to a great extent 
into sulphuric acid within the pores of the charcoal.) 

A totally different way of employing coal is used in one of 
the oldest processes for dealing with acid-smoke, namely ,passing 
the gases through red-hot coals, in order to reduce the SO., to 
sulphur. This has already been mentioned in Vivian’s 
pamphlet, " Proceedings of the Subscribers to the Fund for 
obviating the inconvenience a,using from the Smoke produced 
by smelting Copper Ores” (London, 1833), and in a pamphlet by 
Reich, describing the experiments made at Frankfort in 1858, 
and it has been proposed over and over again, with the same 
negative results. A new apparatus, by Schroeder and Ilacnisch 
(Ger. P. 33100), was said to give good results, nearly the whole 
of the SO., being reduced to S ; but their process evidently 
works only with rich gases, and does not deal with those poor 
gases which concern us here. , 

Bemelmans (Ger. P. 77335) converts the S 0 2 by reduction 
with carbon and hydrogen iqto ILS, dries this by the pi’oeess to 
be described below, mixes it with, dry SO.,, and converts them 
into H 2 0 and SO.,, 

t '• • 

4. Various Processes for obtaining Sulphur Dioxide by 
Other. Methods. 

From nitre-c;tke (acid sodium sulphate) Bollee (B. P. 6898 
of 1904) obtains neutral sulphate nnd S 0 2 by mixing ¥he nitre- 
cake with 12 per cent. w6od-shavings and 2 mr_ cent, coke, 
and heating in a retort provided with a stirring arrangement. 

Garroway (B. P. >11986 of 1905) decomposes a solution of 
sodium bisulphite under pressure by sodium bisulphate or* 
free'su/ohuric acid; most of the SO., is driven out in the cold, 
the remainder by injection of steam. 

.Flworthy (Pr. p. ((52254) oxidiser a mixture of sodium 
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sulphide with calcium or sodium sulphatfc in a Bessemer, 
converter by air, tjius obtaining all thf S as SO.,. 

Basset*(Fr. P. 428019) fyertfs a mixture of'calciiftn sulphate 
and alumina, preferably with addition ftf powdered coal, to a high . 
temperature. The reaction is’: CaS 0 4 -f CaS - qCat) + 4SO,. 

Schildhaus and Condrea (Amor. P,. 956184) obtain 50 , from 
acid-tar or sludge by heating it to 200° to 3<±>" in a^rotort and 
(passing into this air, pre-heatcd to the same degree; the liqfeid 
hydrocarbons contained in the vapours produced are condensed 
and the remaining gases are washed, first with heavy hydro- . 
carbon oil and finally with sulphuric acid; the coke formed is 
continuously removed from the retort. 

J. S. and A. A. Blowski (Amer. 1 \ 1010221) obtain SO, from 
petroleum sludge by means of water, so as to obtain a dilute 0 
acid containing sufficient organic matter to decompose the acid 
on subsequent heating. The SO, thus obtained is purified and 
reoxidised to attain sulphuric acid. 

• - 

E. PlUil'ARATION OK SULl'llUK 1)10\1DK IN 111K Pi KU OR 
LlOUIl) Statk. 1 

• 

Formerly pure sulphur dioxide, free from nitrogen and 
excess of oxygen, was required only in tery few cases for 
industrial purposes. The methods employed for preparing tl^t 
gas were various, one of the commonest being the action of 
concentrated sulphuric acid upon copper at a higher t<?m^)eratur? i 
This is, of Bourse, only applicable wheie there is a sale for tile 
cupric sulphate formed,"and is, moreover, hardly workable Sn a 
farge scale. Cheaper and easier is the process of heating*! 
strong sulphuric acid with charcoal, when ^ mixture of fat), 
with COj, (and CO) is obtained : • 

280,10+ C r 2 H.LUiSO. + al. 

* • 

The CO and CO, arc harmfess in,many applications of SO„, 
Sulphur dio/ule, quite Tree from pther gases, is made by heating 
concentrated sulphuric acid with sulphur: 

2SO,II, + S -= 2H4) + 3SO ; 

this can be done by running a slow t st«eam o^sulphuric^icfd on * 

1 A special treatise on the preparation, properties, and application ftf pure 
sulphur dioxide i» I'lussigesl&chwefelJioxyd, fty A. Jtl.irpf (Stuttuart, i<*x>). 
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.sulphur, heated to about 400° ‘in an iron retort. It should, 
however, be noticed that.melted sulphur ndts very strongly 
upon cast irpn ; hence another prqce^s, privately communicated 
. to me from a trustworthy source, would seem preferable. The 
operation is performed in a cas't-iron pan, widening out at . 
the top‘so that a lining of acid-resisting bricks can be‘put 
in it. jConcentfated sulphuric acid is boiled with sulphur, 
which floats on the top and is kept by the brick lining from 
coming into immediate contact with the iron, whilst the lower 
part of the pan is fully exposed to the heating action of the 
fire. 

Sulphur diokide was made by the Compagnie industrielle 
des precedes Raoul Pictet (Ger. P. 22365), and was purified in 
■ a special apparatus, utilising the fact that the hydrates of S 0 3 
all crystallise at — to') and that gaseous SO, at this temperature 
loses all its aqueous vapour. 'We refrain from describing this 
(somewhat complicated) apparatus, which is also described in 
the J. Soc. Chan, hid., (.8X3, p. 413, as'the condensation of 
liquid SCL is performed in a much simpler way by the 
Schroeder and Ilaenisch process (pp. 533 et seq .), which in fact 
has caused the above-mentioned process to be abandoned. 

P. Hart (B. P. 13950 of 1885) prepares pure sulphur dioxide 
by acting with sulphuric acid of sp. gr. 1750, on finely ground 
irpn sulphide, both being mixed in a cast-iron retort and 
heated to over 200 C., when* a steady stream of nearly pure 
{jOj is evofved." , k 

* An old and well-known process for obtaining phre SO., is: 
heating ferrous sulp,hate with sulphur, in the presence of 
'‘sufficient air, the reaction being: 

2peS0 4 + 2S + 3O - Fe 2 0 3 + 4SO-. 

This process wasHnade the .subject of a new patent by Terrell 
(B. P. 5930 of 1884)," who evidently lays the greatest Stress on 
the ferric oxide remaining behind, which furiiii'^s a good 
paint. . * 

Ford s process (Amer. P. 363457) consists mainly in burning 
sulphur* by means of ^.ir previously dried with sulphuric acid, 
‘and 'passing the ^ases through a worm,,where, by cooling and 
pressure, liquid S 0 . 2( fs condensed. It is difficult to see any 
novelty whatever in ),his' process. < 



533 


IN THE LIQUIIJ STATE 

• . 

Bergmann and Berjiner (Ger. P. 160940J prepare pure $ 0 ,, 
by a reaction observed by GorSami, tizthe absorption by 
calcium diphosphate, whitfp.on heating to ioo°, liberates the 
SO. jigain. Dicalciumphosphate absorbs SO., even from very. 

. dilute mixtures, like fuel gases and exit gases of add works, 
which may ‘thus be utilised, the. adsorbent being' always 
recovered The reactions are: , 

■ • 1. 2CaHPO, + 2S0, + 2H,O - Call,(P©.,), + Ca(HSO t ) 2 . 

2. CaH,(PO,), + Ca(HS() a ), 2Cal IPO, + 2SO, + 2 11 , 0 . 

Carpenter (Amer. P. 829765) obtains pure SO, from burner 
gases by gradual cooling, moistening with water, thus separating 
the mechanical impurities, and cooling down to o , whereby the^ 
SO, condenses as a solution in water, while the other gases 

g° away. . . 

Marin (Fr. P. 3745 > 9 ) drifts gases, especially SO,, in a 

vertical cylinder, in which metallic trays are placed, on which • 
calcium chloride or oilier dehydrating*agents are spread [!]. 

Hegelcr and Heinz (Amcr. P. 93 '^ 8 ) nlix hot SO, gases 
from a sulphur burner with about the same quantity of 
cooled gases, to reduce the temperature betow too", pass thg 
mixture through a tower fed with water,. dry and filter the 


gases. 

Moulintand Vandoni (Fr. P. 432431) describe an apparatus 
consisting of a sulphur-burner, working preferably unde # r 
pressure, followed by a heat interyhanger, a cooling apparatus, 
and a series of compressors, where the gas is compressed to 
about 30 kg., after which it is ccoled to.about o' and passed, 
to the liquefier. The residual gases from this, alter allowing^ • 
expand to about f 5 kg. pressure, arc at a temperature of -70 , 
and arc used fcr cooling the tube's of the liquefier and in the 

heat interchangers. * . * . „ , 

The t omp. ind. des Alcoois dc l’Ardechd (B. 1 . 9*45 of >!W)i 
in order to .-eaover SQ, from solutions, project these violently 
in the fo’yn of <t jet against tile walls of a ea^e, after being 
.slightly heated. The SO, goes out at th« top, the water flows 

out at th£ bottom. • ‘ , 

The only process’fw preparing rum liqu.uj sulphur alioxide 

at work on the large scale is probablytot of Schroedw and 
Haenisch, whish allowsfcf preparing that sjibstanfe m a cheap 
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way from gases tontaining dolvn to 4 per cent. SO,. It is 
unnecessary to say that richer .gases arc bettqV for this purpose. ■ 
This proceSf has made liquid sulpfyir dioxide a cheap article, 
manufactured on a large 'scale, and has rendered it possible to 
employ that substance for many" purposes for which formerly . 
only the*ordinary impure gaseous SO, was available. 

The-process 6f Schroedcr and Haenisch, embodied in B. I’s. 
2(tei, 1883; C404 and 6405, 1885, was first taken up by tfye 
firm Wilhelm Grillo (afterwards converted into the Aktiengesell- 
schaft fur Zink-lndustrie, vormals Wilhelm Grillo) at their 
zinc-works at Ilamborn, Rhenish Prussia, where, in 1885, an 
experimental factory was erected, turning out about 12 cwt. 
liquid sulphur-dioxide per diem. The gases, testing 6 per cent. 
'SO,, were taken from a novel kind of blende-roasting furnace, 
similar to the Rhenania furnace described on p. 504 (system 
Julius Grillo, Gcr. P.28458). In 1886 four such furnaces were 
combined with a larger plant'for 8 tons S 0 3 per diem. Very 
soon after similar factories were erected at Lipine and at 
Chropaczow, in Upper Silesia, and about 1899 another at 
Bound Brook, N.J , U.S.A. (The factory at Chropaczow has 
,since been converted into an ordinary sulphuric-acid works.) 

The process consists in absorbing water in an ordinary 
coke-tower, and expelling it again from the resulting weak 
srdution by the action of heat, in such manner that 1 the latent 
heat of the steam carried along is fully utilised, and ultimately 
.a very sfhall amount of coal if required. It is described by the 
iliventors, apart from the patent, specifications in Client. Inti., 
1884, p. 120; but th, : s description is now antiquated, and we 
"sh^ll here go by later descriptions {Paper Trade Journal, 1888; 
Z. anpew. Chew., a 888, p. 488), by my personal observations of 
the work as practically carric’d out, and by notesi received from 
the inventors in 1*902. r , 

The burner-gases arrive in tho'flue a, a (Fig. 149), and after 
having lost part or most oi their heat f>y passing, underneath 
the lead pans f, e, they pass into the coke-towcr b, \yhcre they 
are treated with such'’a quantity of cold water that all the S 0 2o 
is concjensed (the exit gases contain only 005 per cent S 0 2 per 
' volu'ina), and only O artd ,N pass out .at c The solution of 
sulphurous acid, containing about 10 kg. SO, pet 1000 kg. of 
liquid, is run but by pipe d, and first passes through an apparatus, 
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shown separately in Fig. 141, where it receives a previous 
heating, and then successively through .the closed lead paiiS e, e, 
where the heating is continued by th*e action of the.hot burner- 
gases acting in the flue a, a. Th*e Apparatus, Fig. 141, serves 
for heating up the cold acid solution by the heat of the spent' 
liqfior, resulting at a later stage of thf process. It is built up 
by superposing a number of sheets of lead, > lb. per superficial 
foot, of considerable surface, corresponding to the*quantity of 
acid liquor to be treated. These sheets are combined in such 
a way as to form a corresponding number of shallow lead 
chambers, about 1 i in. deep, superposed one over another and' 
connected with each other in the following «way:—The acid 
liquor flows through d into the bottom chamber from left to 
right; through a side connection d\ occupying the whole lengtjj 
of the lateral edge, it is conveyed into the third chamber, from 
here through 0" into chamber 5, and thus further cools the 7th 
chamber, 9th, and so forth, issuing at o'. The chambers Nos. 2 , t 
4, 6, 4, and so forth, serve in the same way for running down the 
hot spent liquor obtained at a later stage of the process. This 
liquor, which enters at q, always flows in a direction at right 
angles to that of the acid liquor rising yp in the alternate 
chambers, so that the connections for the spent liquor flowing 
flown are situate in the front and back part of apparatus, F'ig. 141. 
In order Jp prevent a sagging of the plates, strips of lead are 
arranged in each chamber as slaves, running in each chamber in 
the direction of the current of liquor. The thin sheets of lead 
being goifcl conductors of heat, the cold acid liquor, on rising 
through chambers i, 3, 5, 7, etc., is gradually heated up, tvhilst 
the hot spent liquor, descending through the intermediate 
cnambers, gives off its heat. Of course there must alwa/s be 
a certain difference of temperature and loss of heat, depending 
upon the duration of contact, the depth of, the liquid, and the 
speed df the current. Wfl:h chambers of.il or 2 in. depth, and* 
counter '[{fronts lasting ten or twelve minutes, and sufficiently 
large surfaces, the difference of temperature vvil' be about 10°; 
that is, the colcf acid liquor will be heated ijp ffom 15 ’ to 85 C., 
whilst the hot spent liquor goes down from 95" to 2$ C. In 
practice the heatmi* up rises-tq <^ , and the coolihg»liquid 
descends to 50". The cold spent Hijutn’ is run # to waste 
through x. 
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Later on (190^) the flat lead chambers, where leaks are 
'not' easily discovered ^nd < repaired, were replaced by a set of 
small lead,cylinders working on^the system of gradual heat- 
exchange (counter-current).' 

' The heated-up acid liquor now travels successively through . 
the covered lead pans e, where the heating is*continued as 
mentioned before, so that the boiling-point is attained. The 
ga^es and Vapours here evolved are conducted through pipe/ 
into the water-cooled worm g, and from here through the pipe n 
into the tower /.where the last remaining admixture of moisture 
* is taken out by dry calcium chloride or (preferably) by coke 
moistened with* strong sulphuric acid. From here the dry 
sulphur dioxide passes through pipe k into the pump /, The 
Jiquor heated to boiling in the pans e , c , which still contains 
some S 0 2 , passes through pipe m into the column n, where the 
steam is to a great extent condensed by injection of cold water, 
whilst nearly dry SO., passes up in /, and thus equally gets into 
worm g and further on into the pump /. The column n is 
shown in some detail, as described in a further patent by 
Schroeder and Hacnisch (Ger. P. 36721), which refers to the 
separation of steanj from its mixture with SO,, and as this is 
a‘ matter of general importance, we shall give their statements 
at some length. It is not easy to separate large quantities of 
aqueous vapour from a mixture with gaseous SO.,, Indirect 
cooling by outward application of cold water requires a very 
large leaden apparatus, and the effect is but partial, ’as the 
v\)ours pass without hindrance through the central Jbarts of the 
worms or othor kind of apparatus. Moreover the condensed 
water,,unless the temperature of the cobling-apparatus is* 
*kefft nearly at a boiling heat, carries down .very much S 0 2 . 
The new process'effects the,removal of the steam from the 
aforesaid gaseous .mixture bj/ direct injection of water, which 
■ certainly at first condenses a good'deal of SO,. ^BiA. if the 
acid solution thus formed ‘is made in a systeipa^js- manner 
to meet the hot^ mixture of aqueous vapour and S0 2 , its 
temperature will be,gradually raised and will ultimately attain 
boiling beat, and parijassu its percentage of S 0 2 will decrease, 
so that At too 0 it is nearly ,at .zero. The ^oftowing table shows 
the diminution of the* percentage of S 0 2 with the rise of 
temperature :-i- ( ' . t *. 
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Percentage of a sjtu- 
• rated solution of.SCL :— 

At 20” C. = 8-6 per cent. SO*. t 

„ 30“ C. = 7-4 „ „ 

it 4°° C. --- 6-1 „ „ „ 

» C. -- 4-q ,, ,, ,, 

,. 60“ C. 3-7 „ „ 

„ 70° C« 2-6 „ „ „ 

. , „ 80“ C - 1-7 „ „ „ 

„ 90” C. 0-9 „ „ „ 

„ 100° C. = o-i „ „ „ 

If.the injection of water 
is so adjusted that the 
liquid running off is at 
a temperature of 95" or 
IOO° C., the latter cannot, 
as shown by the preceding 
table, carry away any con¬ 
siderable quantity of 'SO.,. 
On the other hand, if the 
course traversed is long 
enough, the steam must be 
completely condensed by 
the cold water injected. 

This process is carried 
out in the apparatus shown 
in Fig. *142, viz. a leaden 
column, fillerl in the lower 
part with stoneware dia¬ 
phragms, in the upper part 
with coke. The mixture 
of steam and „S 0 , enters 
through pipe a and risc .4 

in the tower. Cold water 

• 

is injected •■by, the rose />, 
condensing both water and 
SOj, and flowing down as 
an aqueoys solution of sul¬ 
phurous acid. On reaching 
the lower parts, it meets 
continually fresji quantities 



Fig. 142.* • 
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. of hot gases and r vapours, and' arrives. at the bottom ioo° C. 
hot. It there yields up ( .again the S 0 2 absorbed higher up,, 
and at the'bottom pipe c carries <?ff 4 both the injected water and 
that condensed from the steam. After some time of work¬ 
ing, and with proper regulation'of the feed, the temperature of, 
the water from the t< >pr downwards rises regularly to a boiling 
heat, and jts percentage of S 0 2 diminishes at the same ratio ; 
btt the quantity of S 0 2 in the upper region is so considerable 
that the injected water cannot retain it all, and pipe d carries 
away a continuous stream of gaseous SO., deprived of steam. 
The dish shape of the stoneware parts in the lower half of the 
tower has the Advantage of retaining the descending liquor for 
some time, and exposing it to the heat of the rising steam ; but 
instead of this, coke may be used all over, if the tower is made 
high enough. 

Returning to Fig. 139, we see that the water condensed in 
the worm,"' finds its way equally into column n, and is deprived 
of its S 0 2 there. The Ijot spent liquor runs off at thetbottom 
by pipe q, and is utilised, as explained before, for heating up the 
cold acid liquor in the apparatus, Fig. 140, where the entrance 
, to the pipe q is visible. In order to regulate the compression 
of the gaseous sulphur dioxide to a liquid, a taffeta bag, r, is 
interposed in pip <5 /•, and the motion of pump / is regulated 
according to the size of this bag. The compressed gas enters 
through r into the worm /, apd is liquefied there by cooling and 
.'pressure, i!he fatter depending upon the temperature of the 
Cooling-water, eg. 1-26 atm. at iq“, 2-24 atm. at 20 ','3 51 atm. at 
30*, etc. From t the liquid runs into the wrought-iron reservoir 
u v from which it is drawn off into the iron bottles, v, or into tanlc- 
waggons. I11 or/ier to get rid of the carricd-along portions of 
oxygen and nitrogen, the boiler, u, is provided,with an outlet- 
pipe, iv, connected with u hy a valve; the gases from here are 
conducted back into the absorbipg-tower b. ‘ 

Haenisch has also descVibed an improved coVin*? for boiling 
the solution of SO» (Ger. P. 52025). In 1899 ?. factory in Silesia 
produced 126(3 tons liquid S 0 2 by the above process from zinc- 
blende gases; the .prpduction of the other works is not known. 
Thfe qost price is supposed 1 to be £2, per ton (on somewhat 
arbitrary data); 'thp' selling price ten years ago was £$ to 
£$., 10s. at the worlds. ‘ < ( 
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Carriage vf Liquid Sulphur Dioxide. 

The liquid sulphur dioxide is sent out in iroji cylinders 
(bottles) holding i or 2 cwt* each, or* ii* tank-waggons of 10 tons 
capacity. The former are shown in Figs. 143 and 144. When 
sent’out, the outlet valve is protected Jiy a cap a. Bdfore use 
this is removed, as well as the small cap fixed on the neck b. 
If now thl plug of the screw-valve, c, is turned by ineafis of a k^y, 
tfic sulphur dioxide escapes in gaseous form through the open¬ 
ing in b The stuffing-box or the whole valve must not be 
removed. After a time the evaporation of SO., 
lowers the temperature to — i®" C., so that po 
more gas is given off till the apparatus has taken 
up heat from without. , 

If the sulphur dioxide is to be got out in the 
liquid form, the vessel is put on its side (Fig 144) 
in such a position,that neck b is at the top side. 
The pressure of its vapour now forces the SO, 


I 

F1G.I43. lor,. 144. • * . 

out of b ■ The bent tube within the vessel admits of empty¬ 
ing it entirely of liquid SO.,. This substance can be conveyed 
away by a lead pipe, screwed on to b, or even by an india-rubber 
pipe. The bottles are tested to 50 atm. presume, so that there 
is no danger Whatever in their transit, .as the vapour-tension of 
SO„ amounts to:— • • 

• 0 atmosphere Iverpre^sure at - to" C. 

r • * 0'53 „ » 0 

. 1*6 + «°* . 

2-24 atmospheres „ „ * 3 o" 

3’5> ,, '■ „ ^ 13° 

* 5-15 • ,, • , g ’ 40 

Still it is advisable not to keep the liqpifl in - 

temperature tpay rise towards of 40 IP , 

• • 
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To prevent ovt-r-filling, in vifew of the expansion by heat, the 
bottles should not be "filled more than nirjb-tenths, which is- 
ascertained, both by weighing thcyn and by proldnging the 
outlet-tube inside to one-Henth of the depth of the vesse] ;,when 
opening the valve only gas, no' liquid, should escape. These- 
bottles Ire usually made t,o hold loo kg., exceptionally 506 kg. 
Besides^- tank-waggons are used for 10 tons liquip sulphur 
dioxide, contained in three wrought-iron welded cylindeijs, 
about 23 ft. long and 2 ft. 3 in. diameter, tested for 30 atm. 

Boake and Roberts (B. P. 19789 of 1892) find that liquid SO„ 
does not act on tin or soft solder, and that therefore thesp can 
be employed in'thc manufacture of carrying-vessels. 

Carrier (Fr. P. 402810)'describes a pump specially adapted 
• for the compression of sulphur dioxide. 

Pacottet (Fr. P. 365224) describes an apparatus for measuring 
liquid SO.,, which he calls sulphitometer. 

Soy (B. P. 12276 of 1893)patents the process of sending out 
liquid SO, in glass vessels sealed by the blowpipe, to be‘broken 
by a hammer in the rooms to be disinfected. 

The principal list’s for liquid sulphur dioxide are for refriger- 
ating-machines (Pictet’s and others), for wood-pulp manufacture 
(to bring the calcium bisulphite liquors up to strength), for the 
purification of beetroot juice, for disinfecting, for bleaching, for 
tjve manufacture of glue and gelatine. , 

Liquid sulphur dioxide lips been applied by Behrend and 
^immerrna’hn "as a means ( for increasing the efficiency of 
steam-engines by utilising the hpat of the exhaust steam for 
evaporating SO.,. The high-pressure vapours thus produced 
'arc Utilised in an auxiliary cylinder for generating motive 
power, and are afterwards again condensed to liquid SO.,. 
Hitherto this system does*not seem to hay-c fulfilled its 
expectations. * L , ' 

The formerly rather extensive ^ise of liquid SO^for bringing 
calcium bisulphite liquor (for the manufacture <of, -rood-pulp) 
up to strength has very much decreased, since the, factories 
have improved their plant for the direct preparation of strong 
sulphitt liquor. « , 

1 The, employment ofc Jbef strong ,S(X obtained by the 
Schropsler and Haeqisch process for manufacturing sulphuric 
anhydride (fuming Q.V.*) wijl be mentioned in Chapter XI. 



PIPES AND FLUES . ' 54*1 

• * * t 

The analysis of liquid sulphur dioxide* is described in 

.i^hnge-Keane’s Technical Method of, Chemical Analysis, \ o!. '. 
P- 3°5- * * 

• • , 

.F. Draught-pipes and Flues. Removal or Flue-dust 

* • AND OTHER iMPUp'.l* 1 ES. *. 

The flues conveying the burner-gases from the «kif»s into 
the chambers or into the Glover towers.may be constructed 
of brickwork only so far as the gases keep hot enough not to 
allow any moisture whatever to condense, that is especially 
in upright flues and flue-dust chambers. Fi^mi this point 
they must be made of cast iron, apd further on, when they 
have cooled down, of lead. 

The gas, which goes away red-hot from the burners, must 
necessarily be cooled down to the temperature of the chambers, 
say 6o r ’ or 80" C.; otherwise the first chamber would be very 
quickly destroyed. This cooling was formerly effected by 
conveyTng the burner-gas in very loftg flues of cast iron, or 
partly of cast iron, and, when partially cooled, of lead. Such 
cooling-flues were made up to 300 ft. long. 

The cast-iron pipes are suitably shaped, as shown in Fig. 145, ■ 



Fig. 145. FlG - : + 6 ' 


in order that the upper half may, be replaced independently 
of the lo$er, or taken away ^or cleaning; "the latter can also 
be done by Jn^ans of manholes. Por a set of from 12 to 18 
burners a'pipe of.2 ft. diameter is sufficient; hnt^they are now 
and then made upwards of 3 ft. in diameter. • Sometimes they 
are lined with fire-bricks, as shown in fig. 146; the itooling 
in this case is very imperfect and the»jo«t higher. Occasionally, 
in very large works, square or oblong flucg of wrought sir, cast 
iron are found. Brick «flucs (for p^rpPndjcular Shafts or .for 
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flue-dust charnbefs) are made of bricky boiled in tar, and set 
with tar and sand. • lyirthenware pipes jfnostly crack too- 
quickly. 1 

Perpendicular stacks •'and pipes act as a sort of cjiijnney, 
and they are therefore carried up nearly to the top of the. 
chambers where there is, no Glover tower. These pipes were 
sometime!) outwaVdly cooled by water, and even very complicated 
cdhtrivances were met with for this purpose. It has long beqn. 
recognised that the only rational way of cooling the burner-gas 
is this: taking away its heat for some useful purpose, and this 
is almost everywhere done in the Glover tower (Chapter, VI.). 
Apart from this, the heat of the burner-gas is occasionally 
utilised forconcentrating acid in lead pans(Chapters I V.and IX.). 



r * • • Fig. 147. ' 

v 

l! t « , . . ) 

•Sometirfies other ways of disposing of this heat are employed, 
"flips at the manure-works of -Messrs H. and K. Albert, at 
Biebrich-on-the-Rhiiyi (see Fig. 147), each pyrites-kiln, A, is 
'' surmounted by a gas-chamber, R ; the burner-gases ente* by 
the holes a, provi led with shut-off valves, and through similar 
openings, b, get into the pipe! J, leading to the Glover tower C; 
c a third opening, l, permits .sending,the gas direct into d and C. 
In each of the chambers 13 there f re horizontal ca.st-iron pipes, 
c, branching off from a main pipe f info which aft"is forced 
by a fan-blast, "This air, being exposed to *t,he hot burner- 
gases, becomes hut itself, and leaves the chambers in order to. 
be carried away by\he main pipe k. This heated aif is then 
conveyed to dryiug-stpvCs,'Where the superphosphate is dried 
by its Sction. At Albert’s works the temperature of the air is 
brought to i 5 o C.,{iut ft may be ke[>t cooler or hotter (up to 
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. u ,J 35 e ) by regulating the speecf of the fan-btest. The burner-. 

. £as, entering though d into the Glover tower C, 'is still 'hot 
enough fro do all the concentrating and denihating work 
required ; the Glover towers are not <to overheated and require , 
. less repairs than formerly; the acid (lows from them only at 
1 15 * to 120°, against 140" as before Jhs new arrangerrtent, and 
requires less cooling for the Gay-Lussac tovfers. Th* saving 
in coals for the drying-stoves is 5 tons per diem (cf the descrip¬ 
tion, with further diagrams, in /f. angesv. Chan., 1889, p. 287; 
also B. T. of Albert, Fellner, and Ziegler, 15980 of 1888). 

5 jchlippcnbach(Ger. P. 225421) conducts pyrites-burner gas of 
very different composition, obtained in different places at the 
same time, to tw r o separate collecting-places, so that each of 
them receives an uninterrupted current of gas of the same* 
composition ; thereupon these two gas currents are suitably 
mixed and passed on to the acid'chambers. 

The same object is pursued* in the Amer. P. 962498 of 
Channfng and Falding for utilising t^e gases obtained in the 
“ pyritic smelting” of sulphide copper ores. 

The Tcntelcwsche Chemische Fabrik (Ger, P. 244838) cools 
pyrites-burner gases by means of a tower,*with gas-inlet at. 
the top and outlet at the bottom, surrounded by a cooling- 
jacket, and filled with perpendicular hollow plates in connection 
with that jacket. The British patent for this process hjs beus 

taken out by Eschcllmann and lljrmuth (B. P. 14670 of 1911). 

1 . » . • 

Purification of Burner-teases from Flue-dust. • 

In the gas-flues and draught pipes % flue-dust is alw*ays 
deposited, much more when smalls are burnt than with lurpp * 
ore, especially in furnaces where the small ore*is moved about. 
In such cases special dust-chambers arc indispensable, as has 
been remarked in the cfescriptiofi of those* furnaces. Even 
when burning ore in large liynps the flues' and pipes must be 
cleaned <Kst, fjom time to time, as they would otherwise be 
stopped up entirely. At some factories this it done monthly, 
^at others more rarely. If the deposit is allowed to remain too 
long, it hardens into a stone-like mass, wjiioh cannot be Jot out 
without stopping the process. ’ '» • . # 

The composition of this deposit varies, pf course, verymjuch ; 
and even its external aspect varies from ^hat of a dry, light 
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dust, to that of#a thick, stro/igly acid mud. It generally 
contains a' large proportion ,of arsenic. Ckpham analysed 
such a dep®j>it, frtun a solircc no^ mentioned (Richardson and 
Watts, Chan. Techn., i. 3,y.*70), and found :— 


Sand, etc. .... 2-333 

• Lead oxide ,l . . . . 1-583 

• Ferric fc-tide .... 3-700 

Cupric oxide .... trace 

Zinc oxide • . . . trace 

Arsenioux acid .... 58-777 

Sutphuuo aud .... 25-266 

Nitric at id .... trace 

WateV ..... 8-ooo 

99-759 


D. Playfair (Chau. .Vacs, xxxix. p. 245) examined flue-dust 
from pyrites-kilns, in which he,found chiefly arsenic, antimony, 
lead, copper, and iron ; of thallium 0 002 to 0 05, of tellurium and 
selenium 0 001 per cent, was present. He describes ii^detail 
the analytical methods employed. 

Reich (Erdmann's Journal, xc. p. 176) found in the Muldcn 
Works a crystallised deposit consisting of equal molecules of 
Jtrsenious and sulphuric anhydride. Similar deposits have been 
frequently observed since. * 

In other cases the deposit is dry dust, mostly consisting of 
mechanically conveyed' pyrites-dust, better burnt than that 
within the burner itself (Bode, Beitrage, p. 41), and* nearly 
always containing so,much ai’senic that its crystals can be seen 
with the naked eye. 

. H. A. Smith (Chemistry of Sulphuric-’. Icid-making) found 
in'the dust 46-36 per cent, of As, 2 0 3 , together with a large 
quantity of sulphur in the pa^ty condition—the latter, of course, 
formed by sublimation from pyrites. . 

The flue-dust is. also a princip&l source of t/iallh.m , as we 
shall see; and when selenium occurs in the pyriteS i£, is found 
in the flue-dust. , , 

Bismuth, to'thq extent of 3-5 to 4-0 per cent. 1 ,has been found 
in the* flue-du^t frpm Rio Tinto ore by E. Gibbon ( Chem.’ 

, Trade* 1905, xxxvi., ±>. (SS), who proposes to recover it by 
extracting the dust wfth hydrochloric acid sp. gr. 1-07, allowing 
the^solution to clear precipitating the Jflsmuth as oxychloride, 
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BiOCl, by dilution with watei*, heating and->agitating, and at., 
lhst filter-pressing and washing the preuipitatc. 

The flue-dust from the roasting of blende is, of^vuirse, quite 
dififerently composed from that formed in burning pyrites. Such . 


flue- 3 ust contains ( Fischer's Jahresbcr. 

1882, p. 273) 

:— 

0 

“ L 

• 

it. 

Zinc oxide>insoItible . 

„ in soluble combination . 

^ errous oxide, soluble 

8 - 4 °) - 
,, 26-20 

17-80 | 

• S-'ol „ 

, 20- 
! 2*00 j 

2-16 

2-52 

Ferric oxide, „ 

2-40 

4-20 

Lead oxide ..... 

3 - 3 » 

4-26 

Sulphuric acid, insoluble 

6,46 ]• 24*9 

8 '° 4| 26 

„ soluble . . , • 

20-43) 4 

18-84) 

Water ....•• 

6-39 

9-00 

Residue (chiefly ferric oxide). 

31-80 

32-42 


99-42 

99-48 


Flue-dust from the St Mardy Tinto Santarossa pyrites (ej 
Lung(?and Banzigur,-.stf/*/v>, p. 80) contained sulphur: sulphui 
free O'13 per cent.; ditto as sulphide 048; SO., as free su'phuric 
acid and sulphates 16-31 ; As., 0 ;l 69-07 ; -Sb./).. 1-08 ; CuO 0-14 
Fe., 0 .j 2-03 ; sand 2-65 ; water, traces of other substances anc 

loss 6-51. 

' Bellingrodt {Chan. Zeit ., 1886, p. 1039) found 111 the llue-dus 
from roasting blende at Oberhauscn (Rhenish Prussia) a sufficigj 
quantity of mercury to make its recovery profitable. 

Krause (Ger. P. 55676) washes the fiue-du*>t frtur* blend? 
furnaces, arid tries to recovej the zinc from the washings » 
precipitation with alkaline carhonjites. 

* Qust-Chambers:— Where the quantity of flue-dust is verydar^t 
as is generally the case with arsenical ores, <|nd with some 1 
the burners for pyrites-smalls, the ordinary dust-chambers, whic 
form simply enlargements of the gas-flue, are.not sufticient, an 
special contrivances must Ijc adopted. This matter has bee 
thorough' worked out in the lcacAsineltmg works and othc 
metallurgical establishments, and a large nuiqber of apparati 
have been conducted for this purpose -A very complet 
‘ synopsis of this is given in the pamphlet.by G. A. llcriiwg: D 
Verdichtung des 1 lutienumclis (StwU^ij-t, 18SSj, pp. 8-36^ Mai 
of the contrivances employed at lead-works'etc., are uncuita 
for pyrites, on account 9 f being maderfrf iron. B«t the geqer 
* ' , 2)1 
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principles remain 4he same: the flue-dust must be made to 

deposit by cooling, by. retarding the speed oof the gaseous 
current, and,by Offering to it lar^e surfaces to whioh it can 
attach ’itself.’ All these aonditions are more or less fulfilled 
by making the gas-flues adequately long and wide, but this is 
not sufficient in many ayscs, especially for arsenical ores. The 
case is here complicated by the fact that the cooling of the 
gas. may be injurious to the chamber process, and that the 



Fig. 148. 



Fig. 149. 


long flues, especially those carried in a zigzag way or provided 
with “ baffle-walls,!’ interfere very seriously with the draught. 
The latter disadvantage has been greatly lessened, sinle it has 
been recognised that it is Unnecessary to carry, the,gases in 
flues like those sketched in Figs. 148 aiid 14P (in the former 
the diagram may be fytken either as plan or elevation), where 
the current of gas .is constantly checked by meeting solid 
surfaces* but that the surfaces may be disposed in the direction 
of the current itself,' whfere ttay cause the dust to be deposited 
on tfyein without interferipg with the draught. Fig. 150 shows 
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how this can be done in such* a way that tl«e flue-dust can be 

Removed withoi*t interfering \yith,the process. The gases 
arriving • through a are, by inean^ of dampers..*sent either 
through chamber A or if. In the present case, the dampers^ 
b, b, 'being closed, the gases travel through A. Each chamber 
is divided into several longitudinal ch,..i.nels by thin iVirtitions, 

'd, d, made of masonry, fireclay slabs, lead* or other, suitable 
materiaf The gas thus travels in parallel streams, without 
any check than that of the indispensable friction, and the 
streams collect again into one, issuing at c. When chamber A^ 
is too much choked up by dust, the dampers b, b are opened, 
the dampers c , c are shut, and the gases now^ravel through 15 , 



*» 

giving*an opportunity to clean'out chamber.A ty<ncans*ol 

suitable rrftnholes. , , ■ 

In very bad cases, as, for instance, with mechanical nust- 
•buyiers, longitudinal partitions are not sufficient, and real 
baffle-plates must be employed, as shown in.Figs. 148 and 149, 
and very much multiplied in Figs. 114 and 115 (p. 4 § 0 - 
such cases the loss of draught must be somcjfcnos compensated 

by meclfanical means. * , 

In nymy cases, where very largt quantities of flue-dust have 
to be debit with, the gases mus* be cooled artificially. This wai 
done at the Freiberg works by a special jfindoficad flue, codec 
' by water, as sketched in Figs. 151 and i« 2 , the first jf whicl 
represents a longitu'dipal sectioif on tfie line A 15 , the # se«ond < 
sectional plan on the line C D. ThS.sMes of the .flue an 
formed by a. number g>t oblong pip«sf a, f a Joined together a 
• 
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their narrow ends* On the top'there is a shallow trough, b, j 
supplied with a constant* stream of water whiflt trickles down • 
through hold?, shown in the diagr^nj, into the space h, a, and 
from these through other* holes into the common channel c, 
running lengthways. The bottom of the flue is not water- . 
cooled, bttt as it rests on «tl>e small pillars d, d it if exposed to 
the action o/ the air. These flues arc very expensive {o build, 
but'they have been found to do their work very well indeed, 



Fig. 151. 



Fig.152. 


and they need nt^xt to no repairs (detailed in the Frciberger 
Jahrbuch, 1879,9. 151, table x/i.). Of the 2 or 2^, per cent, of 
arsenic contained <in the Freiberg ores, by far the greatest 
portion (97 per cent.) is condensed in these long flue's, where 
the gases are ultimately cooltid down to the temperature of the 
outer air. , * 

Bauer ( Jahresber. / Berg- u. Hutteniv ., 1894, p. 39) states 
that the* nine seis ot chambers connected with the Freiberg 
smeltitig-^vorks (containi*{*«thirty lcatjl ‘chambers) possess 
8037 m. «f flues, of *3 j‘sq. m. section. The flue-dust in 1893 
contajned 1137*kg. si^vei*, 1656 tons lea4 and 917 tons arsenic, 
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valued at £13,600. Eighty ptr cent, of thetdust was recovered, 

‘20 per cent. hai f hitherto been,lost. The damages to be" paid . 
had d'in?inished from £305?; to £i£o. _ In that y.ear new dues 
on tlje Monier-Freudenbcr^ system were built for recovering • 
the last 20 per cent, of dust. The rate of cooling of the gases 
was 1° C. per 8-3 m. length in pUc.ed-in Monier'.flues, per 
4'5 m. iji freely exposed Monier flues, per 3*m. in Jcaden flues, 
> and per 6 m. in brick flues. • 

In 1902 I was informed that the water-covered flues have 
been abandoned at Freiberg as being too costly, and have been 
replaced by simple lead tunnels. Where the heat is too great 
for the stability of the latter, brick flues arc ethployed. 

Falding {Min. Ind., ix. p. 62*5) describes a dust-catcher, 
constructed by A. P. O'Brien, of Richmond, Va., on the wetf- 
known centrifugal principle. It works in connection with the 
cast-iron fan of the same inventor, described in Chapter VI., 
and receives the gas from five Ilcrreshoff fines furnaces,, 
retaining 75 per cent, of the dust. ,At the same time it does 
very efficient service as a metre-oven. As shown in Tigs. 153 
and 154, it consists of a tapering, hopper-shaped iron shell, 8 ft.. 
wide in the cylindrical part and 12 ft. high,*vith a 6-in. opening 
in the bottom for the discharge of flue-dust. It is lined with 
4 in. firebrick. The gas enters through the top pipe at a high 
rate of spied from the fan and strikes/he cylinder tangentially ; 
it leaves the apparatus through a central pipe. The gas takes 
a rotfiry motion and deposits^ all the hearty dfisff, whicl^ is 
automatically discharged through the 6-in. opening. Tsix 
tubular nitre-pots are arranged, in the manner shown, so that 
’ thsy can be charg*cd from the top and discharged sidewifys, *• 
Morton and'the United Alkali Co. (B. P. 174b* of ! 9 °b) , 
remove flue-,dust, e.g. from Hcrreshoff furnaces, which consists 
chiefly of magnetic oxidegf iron,by means efa number of plates^ 
of magnetic metal, placed sjde by side in The flue, on either side 
of which t.hepe is a pole of an electro-magnet. From time to 
time thf electric current is interrupted, whereupon the dust 
collected on the plates falls into a hopper below. 

Thij Metallic Compounds Separation Syndicate *(Ger. P. 
153641) combine a. number *of, burners, with a, common 
chamber, in which the dust is precipitated by serpentine 
channels. 
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Shields (B. Ps. <6353 and 16354 of 1904; Ger. Ps. 180070 and - 
180671) conducts the burn&r-ga.ses beneath ormto a constantly . 
replenished "fyeap of porouJ or granular material, such 1 as coke, 
crushed slag, or the like, which, as it collects the dust, is .drawn 
away from the bottom of the heap by a conveyer, and is elevated . 
to pass i/ito a separator £of the removal of the dust, and then 
restored •through a funnel hopper in a clean, hot state to the 



top of the heap. The receptacle for the filtering .material is of 
conical shape, with, its apex dpwnwards, and about the centre of 
the heap the gases are passed in through a pipe immediately 
under a horizontal disk, befteath which a cavity .is'thns main¬ 
tained. Another/orm of apparatus is also shown, in which the 
filtering material descends slowly between sets of inclined 
shelves%rranged.in ^cylindrical or rectangular form. 

C(*llaj^ius (B. P. 2208ft t of *1905) purifies the burner-gases 
from c^ust and from nitrous oxides by producing in them, both 
befoi-e entering and, after .leaving the, chambers, a whirling 
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motion and tnrowmg them against a damp flay wall, or against 
‘damp coke. * . • • 

A vtiry complete plan}; for purifying burnc>-gases (from 
mechanical furnaces) from dust i? that built by Gilchrist and 
described by Hartmann and Benkcr in Z. /v/grw. Chan., 1906, 
pjj. 1188 et -eg. , . *. 

The Maschinenfabriken Augsburg ancUNurnberg (Gcr. 1 ’. 
169818^ blow the gases repeatedly through tfie purifying 
‘apparatus by means of a circular conduct, provided with small 
outlet openings. 

Scheibe (Ger. F. 184038) describes a special form of fans, 
intended for separating solid or fluid from grffieous particles. 

Reese (Amcr. P. 989801) cool* the gases, scrubs them with 
sulphuric acid, and passes them through a dry lime filter. • 
Benker and Hartmann (Fr. F. 387436) pass the burner-gases 
horizontally through vertical* filters composed of pieces of 
firebricks or stones, contained between vertical perforated walls, 
The,bottom of the filtering column rests on a vertical rotating 
roller, which continually carries away a small quantity of the 
filtering-material to a rotating drum, in which it is deprived of < 
the dust with which it is laden, it then fays into a receptacle, 
from which a conveyer returns it to the top of the filterifig- 


column. * 

Schoenberg and Frager (Gcr. F 203948) employ (Just- 
chambers with baffling walls, all inner surfaces being 

corrifgatcd. * * * . 

Herrfthoff (Amcr. .Ps. , 940*95 and. 94 ° 5 </ ) )_ P asscs buftier- 
gases through scrubbing-lowers, sprayed with weaR acid 
containing SO, find then through filtcis. , • 

The same inventor (Amcr. Fs. 053067 and 969868) washes 
burner-gases by forming a continuous annular film of sulphuric 
acid • they may also bocooled during theirjiassage through this. 

Brandenburg (Z. augau. Chan., 1909, pp. 2490-2492) describes 
a centrifugal dust-catcher similar to those which have been 
found tary efficient'in connection with blastfurnaces. 

Wright {btig. and Min. J, KJio, p.JK) «und in the gases 
from mechanical dust-burners, after they had traversal a small 
dust-chamber wit/1 j velocity‘of ,i.ft. per second, still* 0-28 g. 
dust per oubic metre; and, after pacing through a. washing- 
tower and a long tijjie, still o-ii gram.. 
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Gayer and Witter (Ger. P. 227387 ) employ a box with a 
horizontal shaft, provided \jdth ,beating-arms, revolving severaf 
hundred times per minutfe, and ^oistencd by water-sprays. 
The beaters are placed on<tKe shaft in a screw-line. The, gases 
enter at the bottom and go out at the top. 

Hein^ (Ger. P. 230183,) arranges in the dust-chamber slanting 
plates, reaching a Kittle more than half-way through, an<jl leaving 
a distance of 3 or 4 mm. from the side free for a small portion 
of the gases to pass through, so that whirls are formed. 



« Fig. 155. 


Krowatschek (Ger. P. appl. K453S1 of 1911) describes a 
very similar arrangement. ' ‘ 

Howard (Amer. P. 896111; re-issue 8th March aacl 13th 
September 1910; this patent is held by the General Chemical 
Co. of New York") describes a dust-separator containing a great 
number ^>f horizontal, steel plates between which the gases 
pass frorrt one side to the qjhor.< It is .show'll in Fig. 1%5, and 
consists oP: A, brick entrance flue ; B, cast-iron damper, operated 
from without; Q, cast-iron ( ring-plate over which B closes; D, 
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vestibule ‘from which the gas enters between the horizontal 
steel plates, E, 2^ in. a’part from.one^ngther, and gets into space 
F. They strike‘against the baffle-frail G, and lsvve through 
the flue H, covered by thft cast-irfln, plate 1 , provided with an. 
operting for the damper J ; K is the outlet; L, cleaning-holes’ 
with covers. The outside brick wal^s are 19 in. thick, with 
a 1 in. insulating space. The interior walls are if in. red 
brick. * * • 

* The velocity of the gas in passing between the steel plates 
is checked by the large area of cross-section, and, since these 
plates are only 2?. in. apart, each dust particle needs to fall 
only 2.J in. (instead of 6 or 8 ft. as in the old-fashioned practice) 
before finding a surface on which it sticks. Under ordinary 
circumstances the plates need not be cleaned any oftener tha# 
once in thirty or forty days. For that purpose the covers are 
removed from the clearing-holes I., and the dust is taken out. 

These separators are made foj a capacity of 24,000 to 60,000 # 
lb. of* ore per day in two compartments, or from 72,000 to 
80,000 lb. in four compartments. There are five sizes, with from 
6540 to 18,700 superficial ft. of plate area, and a vertical 
height of from 27 to 31 ft.; ground space required 17 to 
31 X 27 ft. 

' • • 

Ihe Purification of Burner-gifSt'S from Lnjuui and Caseous 
* Contaminationi. ’ 4 

This is a very necessary nfatter where the gases arc *to 
serve for t*e manufacture of SC*, by contact processes, and we 
shall in the chapter dealing with.thcse processes make frequent 
•mention of processes for the purification flf such gases. » ^ *, 

*In this chapter we only treat of the purification of burner- 
gases for ordinary purposes (le^ul Chambers, manufacture of 
liquid sulphur dioxide, .of sulphites, etc.). The mechanical 
impurities are frequently ifientioned in other places, especially 
in connactiftn with the Glovlr towCr, and are dealt with, in the 
first instance, by dust-chambers (p. 545 )-, But for some 
purposes’this i$ hot sufficient, and, moreover, a fhcmiral punfica- 
‘ tion is necessary for various uses of thy bujaier-gas*. The 
Metallufgische Gesdlschaft, Frankfort (tier. P. 161017^ describe 
a process for the uninterrupted simultfmebus mechanical and 
chemical purification # and cooling, »f burner.gases. ,lhey 
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employ a water-fqd tower, provided with inside shelves, with a 
vessel placed about mid\vays, where there <s not yet mudh . 
sulphuric acid dissolved i'n the wtyer run in at the top. Up to 
that point the water has principally performed a cooling action 
and a mechanical purification upon the gases; it runs out from . 
the above-mentioned vessel through an overflow, y.nd part df it, 
after cooling, is used over again in the upper part of the tower, 
anpther portion being sprayed into the lower part, for the 
purpose of chemical purification of the gas. The quantity of 
water used here is regulated in such manner that it comes to 
about 70 , at which temperature it absorbs hardly any SO.^ and 
carries away merely sulphuric acid and ferric-oxide mud. 

The Tcntclewsche Cltemische Fabrik (Ger. P. 194176) 
•purifies the burner-gases from chlorine, etc., by first applying a 
dust-chamber and a water cooler, then taking out the sulphuric- 
acid fog and the last portions of dust by a coke filter, and 
ultimately removing the chlosinc by a solution of alkali or milk 
of lime. A special description of their filter is fohnd in 
Ger. P. 230585. 

The same firm (Fr. P. 431067) purifies gases from pyrites- 
burners as follow.^ A circular tower, built in sections, is sur¬ 
rounded by an annular space for cooling-water, which connects 
with hollow vertical partitions crossing each section, the whole 
being built of lead ai\d supported over a circul.y trough in 
which it is scaled by 'sulphuric acid. The gases from the 
burners enter from the top arid leave at the bottom, whilst the 
cooling-water passes in the op'jxisije direction through the cylin¬ 
drical jacket and the hollow partitions. The burner-gases can 
•be cooled from 50O° c to the ordinary temperature, and all. the* 
sulphuric-acid fog they contain separated as a liquid. The lid 
of the apparatus is removable, and easy access if thus afforded 
for cleaning, which, however, ( is only necessary at long intervals. 

Sulphur dioxide* gases for the manufacture of hvood-pulp 
ought to be as free as possible, not merely fronj fjue«dust but 
also from sulphuric acid (or sulphur trioxide ). For this purpose 
very efficient dust-ch^mbers must be provided; the gas musty 
also be specialty cooled, eg. by perpendicular cast-iron pipes, 
2 ft. 6 uj. diameter, runnin£*u(> for a height of 50 or ( 5 o ft. and 
down again ; they'epcl in a lead-lined pipe provided with a 
maqhole and filled v^itH* irop borings. H ere the sulphuric acid, 
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which is condensed by the codling, collects, Aid is taken up by. 
tlie iron boring^. Provision must fee made for removing the • 
solution 5f ferrous sulphatj: formed^ and. for renettftig the iron 
boripgs as they waste awaj. (A* description of such an. 
apparatus is found in Papicr-Zeit ., 1894, pp. 2099 and 2130.) 

A more efficient removal of the SO, »nd H.,S 0 4 is effected by 
the apparatus of Nemethy (Ger. P. 48285 of fSSp), ip which the 
gases from the burner pass through a large box containing fron 
borings, etc., before entering the cooling-apparatus (</. p. 407). 

Collett and l£ckardt(Ger. P. 244841) purify the burner gases, 
for rfhat purpose, after properly regulating their oxygen con¬ 
tents, by allowing them to act upon ammonium sulphite at a 
higher temperature, whereby all tlie ammonium sulphite can 
be transformed into practically pure sulphate. 

Projahn (Ger. P. 221847) purifies burner-gases from arsenic 
by passing them at a high temperature over a porous mass of 
aluminium sulphate, as it is obtained by heating such sulphate • 
containing water. 1 his mass is placed behind the pyrites or 
blende roasters, and retains not merely arsenic, but also scumum 
and flue-dust, practically at no expense. 

Herreshofif and the General Chemical Co# (Amer. P. 96986$) 
cool and purify pyrites-burner gases by producing between the 
wall and the gases a pellicle of liquid whfch also protects the 
metallic w;*lls against destruction. t * ‘ * 

Duron (B. P. 9869 of 1910) first takes out the coarsest im¬ 
purities, especially Fc and As, Ijy filtration tlAougli \ suitable 
substance containing lerric sulphate, cooling down in the mean¬ 
time, then heating and cooling with sprayed sulphuric acid o 
" about 30° Be, then passing upwards through a scrubbing tgwci» 
sprinkled with water, then through filt tr chambers charged with 
inert materials, and then raishig them to the temperature 
required for the lead-changer or.thc contact process by means 
of a heater.arranged withiiythc ordinary purifier and heated by 
the hot*gaie» to be piirified. 

Fluorine m f V get into gases through the presence of fluor-spar 
. in the pyrites, and may do damage to the towers and chambers. 
Klenckf (Fr. P. 40 $ 4 > 7 ) removes it by treating the gjseswith 
denitrated sulphuric acid in an em;#t? tower, and afterwards by 
nitrous vitriol in another lower fitted, with perforated lead 

shelves. 
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Selenium was formerly considered as ji non-essential impurity 
of sulphuric acid, on account of its small Quantity. Klason ■ 
and Mellqtijst (. Papier-Ztit ., 1913 p. 767), however, ‘state that 
selenium not merely causes the -red coloration of Glover; and 
chamber-acid, but acts in a much more serious way in the 
manufacture of sulphiteoqllulosc, as has been manifested in the 
application of Fdlun pyrites. As little as 1 mg. selqnium per 
litre of acid may, by catalytic action, completely convert tljp. 
SO,, into H 2 S 0 4 and S. Tellurium acts in a similar way, but 
comes hardly into question, owing to the high boiling-point of 
the free metal and its oxides. This injurious action of the 
Falun pyrites h 3 s caused some of the Swedish sulphite-cellulose 
makers to abandon it in favour of Sicilian brimstone. 

C 

G. A Composition of the Burner-gas. 

, 1. Composition of the llurnw-gas from Burning Brimstone. 

Atmospheric air contains, roughly speaking, 21 per cent, by 
volume of oxygen, and 79 per cent, nitrogen. 1 If it were possible 
to convert all the oxygen into sulphur dioxide, the volume 
would not be changed, since 1 mol. 0 2 furnishes 1 mol. SO.,. 

In the case of making sulphur dioxide for the manufacture 
of wood-pulp, we whnt to render it as free as possible from un- 
cpmbin^d oxygen. But, for the manufacture of suiphuric acid 
we must introduce into the 'burner sufficient oxygen for the 
subsequent* formation of sulphuric acid, and a certain excess 
unpractically necessary in the process. For the former object 
we must at once increase the oxygen by 50 per cent., as 230 ^ 
«fequife 0 2 for the formation of S 0 3 , and the theoretical maxi¬ 
mum of S 0 2 in the burner-gas would therefore be 14 per cent., 
together with 7 per cent, oxygen and 79 per cent, nitrogen. 
Practically we most have an excels of oxygen equaj to 5 per 
cent, of the exit-gases from the fjvstem, together yith 95 per 
cent. N. « . 

If we call the unknown vrflume in the bhrner-gr.s of this 

1 Of fourse thisjtcmj 1 nitrogen " comprises argon, helium, and all other 
indiffejerf. gases recently distovcrt;d In atmospheric air. To simplify matters, 
wc shall throughout tljis boo*k‘omit the special mention of these gases, 
which, ps*far as we know? in sulphuric-acid making play exactly the same 
inert part as elenfcntary ytmosphfric nitrogen. 1 
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Ijrner-gas from brimston4 
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• • • 

* 7 Q 

excess oxygen =x, it n*ust carry along ~ x tols. N, To- this- 

% • * ^ 

are added 79 vols. N, entering together with the ^1 vols. O 
required for forming 14 vols. vf SCf, .rnci converting them into 
S 0 8 .* The volume of the total N and of the excess oxygen 
required in practice for each 14 vols. of.SU, introduced'into the 

chambers thus amounts to 

4 


79 + 


Wx + x 


79 + 


100 

•X. 

2 I 


x was stated to form 5 per cent. = ■.?„- of this volume. 
We have thus the equation :—• . 


X 



7 V 5 a 


From this follows:— 
,v 



79 

> 

20 


79 * 

20 x r6 


= 5.1?! vols.; 


that is, besides the theoretical quantities of gas mentioned 
above, another 5-18 vols. of oxygen, along with the correspond, 

j n g 5.18 = I 9 ' 5 Q vols. nitrogen, lire necessary. The 

gaseous mixture formed in the sulphur-Hurner accordingly ougAft 

to contain upon each • , • . • 

14 . vols ot SO.,, • 

7 4- 5-16---W-iS „ O, ami 

79 + 19-50^98-50 , „ N. 

6 124-68 vols. * » 

From this the following com position for f 1 . of this gaseous 

mixture is computed , 

, 0-1 K.t litre Ml., 

0-097#- „ 0, 

, 0-7900 „ N 

—-- • 

1-0000 „ 

* That is to say : The normal quantity of SO, in burncr-gys from 
brimstorte-burners is >11-23 per ecuf. fry volume * . 

This nortpal quantity can be attained by proper cafe, but is 
frequently not reached. 

a ® 
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2. Compositions of the Burner-gas fropi burning Pyrites. 

The proportion of air required in this case'differs v,ery much 
from the preceding. We <shall laiculate this for pure iron 
disulphide. This body consists of 46-66 per cent. Fe and 53-33 
per cent.,S. < 

Although in tfye comSu'stion of dense pyrites sometimes the 
iron is notull oxidised'up to Fe, 0 „, and a little magnetic oxide, 
Fe.^ 9 ,, is formed, we must suppose the complete conversion <fi 
iron into Fe 2 0 3 as the normal state to be aimed at for complete 
■ utilisation of the sulphur. Consequently 2 mols. or 240 parts of 
FeS, require 3 qtoms=4.S parts O for oxidising the iron,‘and 
another 8 atoms = 128 parts f) for burning the S into SO,,. Alto¬ 
gether 11 atoms= 176 parts oxygen are necessary for burning, 
and another 4 atoms of oxygen = 64 parts for changing the 
formed 4 mols. = 256 parts of 4 S 0 2 into SO.,. From this we 
calculate that for each thousand parts of FeS 2 ., 

200 parts oxygen are required for oxidising the iron, ‘, 

533 ; „ „ ' „ forming SO,, 

266s „ „ „ oxidising this to SO; 


1000 „ in all. 


‘ Now here also an excess of oxygen must be used, even larger 
than in the case of brimstone, which we will assume to amount 
to 6-4 per cent, by volume in the gas leaving the chambers. If 
we call the unknown volume o^oxygen in excess to be introduced 
for each kilogram of S employed as FeS,, x litre, the vofume of 

\ yf l 

nitrogen accompanying it is -y x litre. Both together and the 


,4933-2 •- N, introduced along with the 0‘requisite for cqm-" 
bustion and formation of SO,,, form the gaseous mixture escaping 
at the end, the volume of whiqh is therefore 


s 79 100 

4933.3 ** + 21 * = 4*533-3 + - 2I -r- 

As x is —— of this volume, we have 
100 . 

l -6.4 / 100 \ 

. *2-^(4933-3 +- X 

« *= t 45V<n 

Accordingly for each kilogram of S burnt as FeS 2 , apart 

f * « * 1 
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Burner-gas from pyrites f 
1 » » 

from the theoretical 62447 1. air, another ^454-1 I. oxygen, 

'together with =1708-4 1, l^trbgen— that is, 2162-5 *■ 

air—altogether 8407-2 1. air «at 0 «and 760 inm. pressure, 
.have to be introduced. 

flow each,kilogram of free sulphur (brimstone) Requires 
6199 1. air at 0° and 760 mm.; consequently a certain quantity 
of sulphur, burnt as FeS,, requires <■ 

^ 4 ° 1 ' 2 jg 1.356 times 
6 r 99 

as much air as if burnt in the free state. 

This is not quite the proportion^! the gas as it enters the 
chambers. For on burning FeS, a portion of the oxygen remains 
behind with the iron, whilst on burning brimstone the whole 
quantity of air gets into the chambers, and at equal temperature 
and pressure retains its volume, since oxygen on combining 
with S # to SO, does not change its*volume. 

Thfe 8407-2 1 . air entering the burner for each kilogram 
of sulphur burnt as FeS, produce the following quantities of 
gas, calculated for o' and 7C0 mm.:— 

699-4 1- SO, generated from the same volume'of 0, 
s 349-7 „ 0 required for transforming SO, into SO-,, 

454-1 „ O as excess, 

4933-3 j N accompanying the theoretically necessary oxygen, 
1708-4,, N „ „ excess of oxygen. 

8»44-9 1 . containing 699-4 1 . SO*, 

830-9 „ O, 0 
664 J-7 „* N. 

* for a certain Quantity of sulphur, burnt as FeS,, 

times= 1-314 time's as much gas mus(, enter the chambers as if 
the sulphur wete burnt in the free'state. 

Consequently, in the cast* of burning pyriks , 100 vo/s. of the 
normal gasems mixture on entering t^e chamber ought to consist of 

8- 59 vois. SO,, 

9- 87 „ O, 

Si-54 ,, N. 

In mbst factories*the sulphur diijxideTs’much below 8-59 per 
cent., sometimes not altove 6 per cent* of*the volunfc of the 
gas. In that case correspondingly less it cm cl is triple in th <5 same 
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chamber-space, utyess the formation of sulphuric acid is increased 
by -a larger consumption, of nitre. We shad return to this 
subject in Chapter VII. t r 

Sulphur Dioxide for nu/iTufactitriilp Calcium Bisulphite {in the 
Manufacture of Wood-pulp, etc.).— j n this case the conditions are 
different* from those jus,t described. There is \y> questioli of 
having t;o provide* the oxygen for forming I L.SO, from S 0 2 and 
thq^ excess 5 f oxygen practically necessary in the lead chambers ; 
and the formation of SO., in the burners should be avoided 
as much as possible. The operation should be conducted so as 
' to exceed as little as possible the amount of oxygen demanded 
by the equation :<2FeS 2 + i iO = Fe 2 0 3 +4S0.„ which corresponds 
to a theoretical maximum c-f 16 per cent. S 0 2 by volume in the 
Jiurner-gas. Practically, however, 11 per cent, should not be 
exceeded, because otherwise the burners get too hot, which 
causes the sublimation of sulphur and the formation of scoria 
in the burners. 

I ' 

Harpf (Wochenbl. fur Papicrfabr., Biberach, 1901, Nps. 23, 
25, and 27) gives some calculations referring to this special 
case, containing nothing of importance. 

< 3. Comparisoh of Brimstone and Pyrites as Material 

for the t Manufacture oj Sulphuric, etc. • 

, We have seen above that the burner-gas from brimstone is 
richer than that from pyritcj in the proportion of 1 : 1-314; 
that is to 4 ,ay ,,under equal Conditions, the gas generated in 
burning pyrites occupies 1-314 times as much spade as if the 
same quantity of sulphur had been employed as brimstone. 
t From, this it directly follows that the gas wiK also require m,uch* 
more chamber-space; thus, for an equal production of sulphuric 
acid, the chambers must be ^out one-third larger if working 
with pyrites than, if working with brimstone. Usually it is 
assumed that the consumption of nftre has to be increased in a 
similar ratio; this, however,'is not'the case, as a properly con¬ 
structed Gay-Lussac tower retains almost the whol'e of the 
nitre-gas, and the excess volume of air is not' of great import¬ 
ance. At the present day, indeed, in well-managed works, less 
nitre is'used with pyrites, than has ever, b'een used wifti brim¬ 
stone. ' 

Leaving the nitre exat, of consideratjon, the advantages of 



C^MPA&ISON OF BRIMSTONE AND PYRITES 961 

| I • | 

using brimstone are:—A somewhat higher .yield of acid (see 
Chapter X.) ; ratiier sm*aller cost of plgnt,and less trouble with the 
burners »f anything goes wrong ; aiM, above'all, match greater 
purity, of the sulphuric aAd,.espe< 5 <illy' from iron and arsenic, 
(this is important only for sale acid, not for use in manure- 
wofks, alkali^works, etc.). 1 If brimstone could be h<$.l at the 
same price as the sulphur in pyrites, nobodywvould hesitate for 
a moment to employ the former ; and even a moderately higjier 
price would not deter from this; but where the pyrites-sulphur, 
as is the case in most industrial countries, only costs half the. 
price of brimstone, or even less, the latter cannot be employed, 
except for pure acid ; and even this, when the difference in prace 
is very large, can be more cheaply made from pyrites than from 
brimstone. • 

Owing to this cause, the manufacture of brimstone acid in 
Europe is confined to small factories which make specially pure 
acid for bleach-works, for manufacturing articles of food, etc. ( 
A somewhat considerable number of such factories still exist in 
England, whilst very few are found in other European cou 1 tries. 
But it should be noticed that sometimes add is sold in England 
as “ brimstone acid,” which is in reality made from pyrites and 
purified from arsenic, or else acid made from spent oxide t>f 
gas-works, which is also practically free fnom arsenic. In the 
41$/ Report on Alkali I York, p. 115, one of the inspectors states 
that in his district only two sejs of brimstone burners were 
working in 1903, against twenty-one sets in pse in j 884. »In 
Scotland m 1903, 2878 tons of Hrimstone were burned, agamst 

104,481 tons pyrites. , * 

* ,In America formerly all sulphuric Acid was made. frora^ 
Sicilian brimstone ; but the notes given above (pp. v 8i ct seq) as 
to the consumption of pyrites ,in America show that this is 

rapidly gaining ground.. , > 

It i§ frequently asseited that sulphuric-acid chambers 
worked- with brimstone la$t ver/ much longer (up to three 
times) fhan with pyrites. It *is not impossible that there is 
some difference in this respect; but even this i.<? not certain, and 
at all events the difference in the life ofth.e chambers isonothing 

1 Steele (/ Soc. Cketm > I mi., igio.V'V*-) found in a brimstone* burner 
a deposit of crystallised arsenic sulphate, whiclfc however, will be quite an 
exceptional case. , 
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like so great as v/ap formerly supposed, and forms no ifem in the 
comparison-of costs {cf £h^pter V.). f <■ 

Sjostedt,. (/?«»: and Mi'i. J., 1^06) maintains that- pyrites- 
burner gas can be got" up Vo 14,pet' cent. SO., with only 2 per 
cent, free oxygen, and is much better for the manufacture of 
sulphite liquors for wood-pulp than the gas frojn brimstbne 
burners Q 1 ]. , 

< • t 

4. Composition of the Gas from Blende-furnaces. 


' For burner-gas from sine-blende the following calculation 
has been made by Hasenclever ( Client. It/d., 1884, p. 79)Zmc- 
blende (in the pure state),,,ZnS, consists of C3 parts Zn + 32 
$arts S. For burning it into ZnO + S 0 3 , 3x16 = 48 parts O 
are required, for converting the SO., into SO., another 16 O; 
therefore foe, 95 ZnS, containing 32 S, altogether 64 O. This 
means that each kilogram S in zinc-blende requires 2 kg. 
O, or 1398-7 1. at o" and 760 nun., together with 52jS‘0 1. 
nitrogen = 6656 1 . air. In’ order to make allowance f«P the 
6-4 vols. per cent, of oxygen required to be in excess in the 
exit-gas we find this by the formula:— 


n 


IOO 


5 ? 5 S + 


100 \ 

-1 7 


484-0 \i. oxygen, corresponding to 

1820-7 ,1 nkrogen 

* 23047 ,, air 


Consequently the normal .gaseous mixture in roasting 1 
*kg. .blfcnde consists of:— 

699-4 f. SO;‘ 

349-7 „ 0 for forming SO,,' 

484-0 „ 0 in Mxcess, , 

5288-0 „ N entering with the theoretically necessary oxygen, 

1820-7 j, N „ „ *' excefe oxygen, * • 

8641-8 1. of gases. * - ( , 

Thiii means tjiat ipo’vols. of the gas should contain : 

‘ »i,Tvdis. S 0 2 , 

9-69 „ 0, 

<«%19 » N. 
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According to information*receivcd in 1Q£>2 the blende-gases 

'Contain only exceptionally lessJihait6per cent. SO.,; ordiftarily 
6 to 7-5*per cent. S 0 2 apart # from S<*) : , (see below),. 

Sp far, as we see from* Ilasenclcver’s calculation, theory 
would show that the strongest obtainable burner-gas from 
blende is not much inferior to thay obtainable frofti pyrites 
(P- 559 )’ But a P ar f from the fact tlu^t hope, as well.as in the 
case of pyrites and to some extent even of brimstone, the 
'theoretical figures arc undoubtedly interfered with by the 
formation of sulphuric anhydride, there is, at least in the case 
of,all the older blende furnaces, a far more potent reason 
why the practical percentage of SO. in bftnde-gases should 
be far below the theoretical one. Seeing that in those older 
furnaces only half or at most, two-thirds of the sulphur was 
liberated as SO., [and SO,], that the other half or third re¬ 
mained behind in the state of ZnS 0 4 , and thafthe nitrogen 
corresponding to the four atoms of oxygen contained in ZnS 0 4( 
dildfifr the burner-gas, it is easily understood why formerly 
it ^JTas considered good work il blende-gases contained 5 or 
at most 6 per cent, of S 0 2 . The modern furnaces (pp. 504 
et scq.) undoubtedly yield better gases, nyt much inferior to 
the burner-gas from pyrites. 

, 5. Sulphuric Anhydride i# Burner-gas. 

• 

lif the pyrites-burner, besides sulphur jlioxkla, then* is 
always seme sulphuric.anlydrWe formed during the burrftng. 
This fact has long been known, and was explained in* 1852 
' by, YVoehler and*Mahla, and again in ns.56 by PlattnarJAj 
metallurgischen ■.Rdstprocesse ) after man)' experiments, in this 
way—that many substances, (joe Aof which (ferric oxide) is 
present in large quantity in the jiyrites-bujner, dispose sulphur 
dioxide*to combine with tlie oxygen of the air to form sulphuric 
anhydride’; as we now express it b> “ catalytic action. We have 
already*,secn, and in Chapter *XI. the subject is fully detailed, 
that this reactfon can be used for the^production of sulphuric 
anhydride itself. Another plausible explanation is, that in the 
cooler parts of the pyj-itcs-burntrS,sulphates of iron arc fprmcd. 
which in the hotter parts again split *1^* into Fe, 0 .,»and S 0 3 . 
This explanation, however, is not sufficient for Fcrtman's experi- 
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merits Dingl. polyt.J., clxxxvii. p. *155), according to which the 

whole of the fumes of anhydride appear the monr.ent the pyrites' 
take fire, Schcurer-Kestn^r ( Hull. Soc . Chin/., 1875, fcxiii. p. 
437) explained the matter ftrom th« well-known fact that ferric 
oxide can act as an oxidising agent by successively giving up 
and absolving oxygen, _ is, however, established that even 
on burning pure sftlpluy a little sulphur trioxide is formed, as 
we sjiall sec. ‘ 

In Fortmann’s experiments, made on a small scale, on burn- 
ing pyrites far more SO., than SO., was formed, viz* in one 
experiment 4 times as much, in another as 5 : 3. His resists 
were evidently altogether wrong, in consequence of a faulty 
analytical method, Scheuref-Kestner (Air. cit.) only found 2 or 
3 »per cent, of all the SO., converted into SO.,, but a larger 
deficiency of oxygen in the gas than corresponds to this 
amount; and*the subsequent discussion between Bode (J)iug/. 
polyt. /., ccxviii. p. 325) and •Scheurcr-Kestncr (ibid., ccxix, 
p. 512) did not clear up the matter. • 

In order to decide the question of the formation of S 0 3 on 
t burning pyrites by more exact methods than those hitherto 
used, especially by,Fortmann, I made, together with Salathe, 
a Series of experiments (Her., x. p. 1824). It was found thaj 
S 0 2 cannot, as Scheurer-Kcstner had supposed, be absorbed 
and,estimated by barium (diloride, because even cheuycally pure 
S&, with BaCl., in the presence of O or atmospheric air at once 
giv«s a precipitate of IiaSO,. 'Check tests proved that exact 
resifits were obtained by conducting, the gas through an excess 
of standard iodine solution, rgtitrating the latter by sodium 
^fteijite, and estimating the total sulphuric acid formed in 
another portion of,the liquid by precipitation with BaCl». By 
retitration the quantity of* SO, absorbed was fo^uid, and by 
subtracting this frorp the tota^ sulphuric acid that of the SO., 
was obtained. Two experiments with burning Spanish cupreous 
pyrites, containing 48 62 per cent, of sulphyr, in a g!a,ss fube in 

a current of air gavp * • , 

• • 

v I. II. 

fitJiphur obtained as SO., , . 88-02 ■ 80-78 per cint. 

„ . .Sd> . 5’So * 6-05 _ „ 

in the residue . 3-43) 

l*t 2 - 75 / * 5 ' 17 . ” 

* « • 
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' Of tl*e sulphur of the burner-gas itself tljere was present— 

.1. . • II.' 

As S0 2 . . ,- 93' 8 3 * . '93-63.per cent. 

„ SO", . • » 6-17*. 6-37 » 

Two other experiments were made in this way:—In a 
glass tube JO g. of cinders from .tine same pyrites* in pieces 
about #>e size of a pea, were completely f&ed frtyn Sulphur by 
.ignition, and fresh pyrites was burnt ajj before, the gas passing 
through the cinders. Found :— 

* . III. IV. 

• Sulphur as S0 4 . • 79-2 5 . 7<H° P c ''cent- ■ 

„ SO, . . 1 6-02 16-84 „ 

Rcsiflue and loss . . 4-73 d-26 „ 

Of the sulphur of the burner-gas itself there was present 
.III. -IV. 

As SO, . • • K^i8 82-00 percent. # 

, „ SO, . . . 16S2 l8-oo 

On the large scale the formation of SO, will hardly be as 
considerable as in the last two experiments, because in the 
burners the gas passes through much less^ ignited ferric oxide 
than in our experiments. 

By later experiments in my laboratory (■Chem. Zeit ., 1883, 
p. 29) it was found that in roasting^py rites by itself 5-°^ P er 
cent., but* when passing the gjises through a layer of red-hot 
pyrites-cinders 15-8 percent, d^the total sul B hur.reappear<Klas 
SO, wWch entirely confirms %hc above results. On burning 
brimstone it was found that even then 2-48 to 2-So per cent* of the 
sulphur was converted into SO.,’; and thfts quantity was increased 
to 9-5 to 13-1 percent, if the gases were passed through red-hol 

pyrites-cinders. , ' 

Hem pel (Her., 1890, p. 1455) found that, on burning brim¬ 
stone tn oxygen at thc*ordinaVy atmospheric pressure, aboul 
2 per cent, of it was contorted iftto S 0 3 (which agrees with m) 
result#, as given atove); but when effecting the combustior 
under a presilbre of 40 or 50 atm., ^bout 5^ P er cent, of th< 
sulphur was converted into S 0 : ,. . • ,* 

Further experiments were *nTacItf by Scheurer-Kestrtpr (Bui 
Soc. Chim a xliii. p. 9 i xliv. p. 9 ») witlT.tlTc gases from pyrites 
kilns as given off ii^ actual manufacturing. We quofe.here 
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spries of his results# obtained with'samples of burner-gas taken 
at various times—A, from a lujnp-burner; B, ( <from a Maletraf 
dust-burner, t, <• 

VoIunu'Vor * Sulphur converted 

cent. f 0f S()o * into S();| per cent 

i of total S 


\.,J,umft- 6 unter. 7-3 

TS 

”, . 6-5 

6-6 
' 8-3 

9.9 

6-2 

I!. Dust-burner. 8-2 

90 

7-6 

n-3 

77 

87 

87 

7-6 


2 - 8 ' 

5-8 


,. 0 I Average 
o-o 3 -' 

2-8 

8-4 


3 -o 

6-8 


04 

O'S 

l-o 


Average 

3'5 


2 '5 

9-3 

4 -i 


e quantity of SC)., formed is here found to be very 
lar, varying from o to 9-3 per cent, of the S 0 2 ; the 
avyrage is decidedly less than in our laboratory experiments 
with pyrites. • 

F. Fischer (J)ingl. polyt. cclviii. p. 28) obtained the 
following.results, which at the same time give an idea of the 


difference in the composition of the gases on the various shelves 
of a^Maletra dusCburner:— 



• SO 

SO, 

0 


per cent 

per cent. 

pi*r cent. 

A. Firtf test (shelf-bui ner) 


r *’ t '“Second shelf from below . 

0-96 

' o -44 

18-4 „ 

Fourth. „ „ 

r.52 

068 

166 

Sixth „ „ • . 

3 -Si 

°'97 

12-5 

Main flue . . . . * . 

8-26 

, ' 34 r 

5-9 

i . 

)> * * • ' 

« 7 '53 

1-27 

. 7-5 

B. Second test (shelf-burner). 



Sixth shelf from below 

'»-43 , 

3-17 , 

, 3'9 

>> >> • r • • • '• 

4-92 

o-68 

jo-7 

Second shelf from below . 

2-48 


14-8 

Fourth , „ ' 

2-62 

07S 

i6'0 

M« in flue . ‘ *■. 

5-80 

, 0-65 

1 O' 6 

C. Latuppurner . ; • • up to 

9-3 * 

2-1 

S'° 


These tests were made by an expeditious method which 
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cannot compete in respect of accuracy vvitl£ that employed by 

me or by Schenrer-Kestner. The piu^h larger quantity of S 0 3 

in proportion to S 0 3 is perhaps ex|Jlicable in this ^ay. 1 

Blende-roasting gases';' wlien ftjted by my method at the 

Rhenania works at Stolberg, yielded up to 25 per cent, df 

th*e total S.as SO... • 

• J • • • 

If the burner-gases are not passed hot kito a Glo,vcr tower, 

but ar? cooled in the old way, most of the SO., Condenses in 
the shape of sulphuric acid, more thaif enough water for this 
purpose* being contained in the air and the pyrites. Where 
thg gases go into a Glover tower, this, of course, retains all thb 

50., previously formed, also in the shape of»SO,II 4 (Schetjrer- 
Kestncr, Itc. cit.). We shall further on consider this fact in 
detail when speaking of the Glover tower and the formation,of 
sulphuric acid generally. 

The constant presence of* sulphuric anhydride in various 
proportions in the burner-gas, is, of course, a source of in¬ 
accuracy in the testing process according to Reich 'see below), 
which indicates only the sulphur Sioxide, as we si rail see later 
on ; it causes, moreover, a deficiency of oxygen and an excess 
of nitrogen in the composition of the gases. Hitherto no* 
satisfactory relation has been found between the amount* of 

50., SO.,, O, and N in the many analyses of burner-gases, as 

is apparent from the disputes between Scheurcr-Kcstncr and 
Bode {vile supra, p. 564; if jilso fieri. Her., vii. p.* 1665)’* as 
well As from Fischer’s tests jus* quoted. , * . « * 

The*abovc-mentiongd results have led to the following 
attempt of increasing the formation of sulphur trioxide.in the 
roasting process.* Collett and l'ckardt (Nonv. P. 2027 j) ijicrcase 
the percentage .of SO., in burner-gases by passing them, lYiixe’d 
with air in # exc.ess, over the hottest part of the burnt ore, * 
whereby a great part 0/ the SO, is converted into SO.,. Pyrites 
and aif enter the burned, not,'as othenvfise usual, in opposite' 
directions, but in parallel currents, and the gas and the hot 
cinder!* arc allowed to act upon each other for a sufficiently 
long time. *Phe burner-gases in that case contain so much 
S 0 3 that they can be employed dii^ctlv lor the mtyiufacture 
of amtnonium sulphate (comp.ve^i, p. 5 00 )- * •, 

1 Harpf ‘{Dingl. fiolyt. J., ccci. part 2} libs grossly ifijsinterprcted 
Scheurer-Kestner’s results, as shown by 19c pibid., pait,.|. * 

A A • • • 
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. 6. Actual Percentage: cf Sulphur Dio.v’de in Burner-gas. r 

A source of dilution 0$ the burncr-gas, not easily traceable 
quantitatively, is this-—that the/jutnt ore does not contain 
pure Fe,0.,, but also sulphates of iron, which must always 
retain more oxygen than Fe 3 O s , and the nitrogen corresponding 
to this excess of oyygen hVust be found in the burner-gas. On 
the other h'.md, a little nitrogen will have to be deducted if 
in the burnt ore FeS' is present; blit this amounts to ver/ 
little indeed. 

■ Moreover, in the factories working with nitrate of soda de¬ 
composed immediately behind the burners, the dilution of gas 
caused thereby must be accounted for. The calculated density 
of NO.,IT is 2-17823; we need only take this into account, as 
the NO,II forms the largest portion of the gas given off by 
the nitre mixture. It differs >0 little from that of SO, (viz., 
2-2109) that, looking at the small quantities in question, we can 
'take the two as equal without any sensible error. New in 
normal working order, and'using a Gay-Lussac tower, certainly 
not above 5 per cent, of nitre on the burnt sulphur is consumed 
(corresponding to 3 7 per cent, of NO .H), or 1-85 upon the S 0 2 . 
Thus a gaseous mixture w hich, without the nitric acid, contains 

8-?0 per cent of SO,, contains besides 1 ^ x ^ ^ - 1 nitric acid 

varpour, which increases its volume to 100-1589, and ‘diminishes 
the percentage of S 0 2 in the tojal volume to 8-576—3 diminu¬ 
tion too slight to'be traceable vy analysis. Also if the nitric 
acid js not calculated as such, but' as NO., or N s O a , it has no 
sensible influence upoi? the analyses, even if the sample of gas 
is taken in a place where the nitrous vapours coming from the 
Gay-Lussac tower have already entered into the process. 

Still all the above-mentioned causes unite in somewhat 
' diminishing the percentage of 'SO a ih the burner-gas :'So that 
the percentages stated above j— < 

11-23 per cent, by volume' in burning sulphur, 

8-59 ' „ % „ „ pyrites, 

must be‘looked upon as the maximum, which in practfce can 
only be approached, but hardly ever reached, and which ought 
never to-be exceeded. „ 
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* If the sulphur dioxide in*the burner-gaj be estimated, this 
•will sufficiently, test the style of turning, since the oxygen of ( 
the gasenust necessarily be in inverse proportion U> its sulphur 
dioxide—although not exactly, hs the sulphuric anhydride 
comes into play. In practice, usually from n to 13 percent, 
of oxygen i| found in good burner-gjjs. • 

The innumerable observations made up*n the percentage of 
burnei^gas in chemical works have proved that with very good 
pyrites the above maximum figures can be very nearly ap¬ 
proached, whilst with other ores, badly burning or containing 
unfavourable metallic sulphides, only 7 to 7?, per cent. SO, in 
the burner-gas is attained (e.g. Buchner, Dingl. polyt.J., cicxv. 
p. 557). Of course, looking at t+ie difficulty of keeping the 
evolution of gas exactly uniform, the different observations 
made in the course of a day will frequently yield less than the 
above figures (e.g. Scheurer-Kestner, ibid., ccxix. y>. 117, in one 
day found 6-5, 6-5, 6-o, 8-o, <j-(\ 87; even greater difference^ 
occur in his tests quoted mpn'i, p. 504); and they only signify 
the average percentage oi the burner-gas. As a minimum , 
below which the gas of real pyrites ought never to fall, 6 per, 
cent.—as ordinary average, 7 to 8 per cent. SO, by volume can 
be assumed. If less is found, the draught should be cut off*, if 
more, more air should be admitted. • 

Crowder {]. Sue. Chcm. hid., 1,891, p. 298) quotes, the 
following observations on the \iolume-percentagc of Burner-gas 
(details in the original; no ^account is tykea, c*f the «SO. t 

present)^— , • • 

so,. o. , 


Lump-kilns ., . . . ffom 4-97 6-33 

* Old dust-kilns (shelf-burners) „ (1-03 „ 7-02 

„ another ore . . „ < -34 „ 7»(3 

New dustJiilns . - ■ *4-86 „ 7-03 


9-60 to 11 -21 
9- 10 „ lo-eo • 
/■78 „ 8-82 
8-98 „ io-68 


Thf temperature of Ihe gas, where, ft enters the Glover* 
tower, in the case of lumi)»burnei% is between the melting-points 
of zint (412"JO.) and antinomy (432 ). The gas from dust- 
burners, whicVhas first to traverse a series of dust-chambers, is 
generally hot enough to melt lead (=^26°), bpt it is sametimes 
rathe/less. * t • » # * *, 

All the.above calculations refer only tt) pyrites pfjper—that 
is, such as contains merely a few ,p«r cent, af other‘metallic 
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sulphides. If the fatter have to-be roasted by themselves (for 
instance, preparatory to tljeir metallurgical vtilisation), only' 
poor gas can be obtained, phrtly because more sulphate-s remain 
in the residue, for which thp ‘correspofiding nitrogen is foijnd in 
the gas, partly because they must be roasted altogether with a 
larger exf:ess of air. , f 

Bode-states ( Gltverthurm , p. 88) that at Oker poor ores with 
27 ger cent.*sulphur, of which only 22 per cent, was combined 
with iron, the remainder being present as blende and barium 
sulphate, yielded gas with 5-5 percent. SO,. Lead-maite yields 
gas with 5 to 5'5 percent.; coarse copper metal (with 34 t oer 
cent Cu, 28 per ornt. Fe, and 28 per cent. S), 5-5 per cent. SO.,. 

According to Wunderlich {Z. f. d. client." Grossgriv., 
i.*p. 74), the gas at Oker contains 5 to 7 per cent. SO., ; its 
temperature in the case of ores rich in sulphur reaches 360", in 
the case of poorer ores about 2 30 . 

In the case of the Rhenania blende-roasters (p. 504) the 
gases arrive at the Glover tower above 300 , sometimes vp to 
400° (information received in 1902). 

Attention must be drawn to a circumstance frequently over¬ 
looked in analyses—that for technical purposes very rarely a 
reduction of the volumes of gases to o and 760 mm. is effected. 
This matters less in (ordinary ga.s-analysis than in tests like that 
of Ijtcich, where the gascg are compared with a fixed quantity 
of* SO, assumed to be at o and 760 mm. This causes most 
tests made by Reich’s methoc^ to indicate less than tlifc real 
percentage of S 0 2 present. f ' 

Usually 4 per cent. SO, in the gases entering the chambers 
considered the mdiimum at which it is'possible to maj<e 
sulphuric acid without actually losing money by the process. 
Locally, of course, this may'be, modified to some, little extent. 
At Freiberg 4 to 3. 1 , per cent. SCR is stated as the minimum at 
which the manufacture of sufphuric' acid can be carried on 
without pecuniary loss. The*average at those work's, where a 
great variety of poor ores, all arsenical, and “ matte” is roasted, 
preparatory to the smelting process, is from s' to 7 per cent. 
SCR in the burnes-gas. 

Sup-* (p. 562) we have jrjefitf oned the, assertion of Sjostedt, 
according to which pyritt-s-burper gas can be got up-to 14 vols. 
per cen(. SO,, for the manufacture of wood-pulp. 
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, 7. The Quantitatk'c hs/imation of Sulphur Dioxide -in 

*• Burner-glts. * 

This is usually effected l?y Reid^s process, wh’ch consists in 
asfflrating the gas through a measured quantity of a solution o' 

iodine, to which a little starch has been added. This is carried 

| • # * 

on till the blue colour of the solution disappears ; the amount of 

gas asjUrated in proportion to the constant quanfity of iodine 
Employed admits of calculating the peTccntagc of SC) 2 in the 
gas. 

The reaction taking place is as follows: 

2l+S0,+ 2lI„0 -2111 + 11, S(f. 

* • " 

The operation is carried on with the apparatus shown in Fjg. 
156. A is a wide-mouthed bottle of about 200 or 300 c.c. 
capacity, provided with a three-times perforated* india-rubber 
cork. Through one perforation passes the glass tube a, which, 
by njfcans of the elastic tube />, serves for introducing the gas ; 
for this purpose a hole is drilled in some convenient part of the 
burner-pipe, and the india-rubber cork e exactly fitted into it. 
The second, somewhat wider perforation is closed by the small 
plug d; through the third perforation the elbow tube c passes, 
which is connected with the correspondingjtubc/of the bottle 11, 
holding 2 or 3 1 . The latter serves as an aspirator—the glass 
tube g, reaching to its bottom, lacing continued info an elastic 
tube h closed by the pinch-coc^ /, the wholepvhyi .once filled 
serving fft a siphon. Tha graduated cylinder, C, holds 250 «.c. 

When the sulphur dioxiSe in any gaseous mixture has»to be 
estimated, the conk c is inserted’into a h*Ie of the pipe convey¬ 
ing the gas. The vessel A is filled up to aboqt half of its 
capacity, through d, with water; and II is lilted almost entirely. 
A small quantity (usuajly 10 c.c.) of standard iodine solution 
(12-65 g. I in I 1 . of watir) is added to ifle water in A, along * 
with a litfle starch, by which the water assumes an intensely 
blue colour.* The pinch-cock t>ti the clastic tube b is shut so 
that no air can’enter into A; i is opened,’so that water runs 
out until the air in A and B is so far^pandetf that th%column 
of wafer in B is‘supported. •'I»he 0 water then cease's-to run, 
provided that everything closes air-tight^,*if not, thc*\yater will 
continue to run. Wlum the apparatp* has bccij thus tested, 1 is 



slowly, the gas to be'tjsted entering through a in single bubbles 
and Rising through tjip *c«loured water.. As soon as the S 0 2 













w I 

ESflMATION OF SULPHUR DIOXIDE 573 

» « 

■ i i * ■ , 

contained in the gas gets intfc the wjter, it,converts the free 
i?>dine into hydriydic acid ; and ^fte* ascertain time the irqiiid 
will be (fecolorised, which ;y; last hbppens very .^Kidcnly and 
can he very accurately observed. «Directly this happens, the 
cock i is closed. lly this preliminary operation the whole of the' 
inlet-tube is f^led with the gas to be.tf sted. t 

Now d is opened, and a measured .voluTne (saj, ft c.c.) of 
standard iodine solution is put into the vessel A, by whicl^ of 
course, a blue colour is again produced ; d is closed again ; { 
is cautiously opened, and water is run out till the liquid in 
whifh, on opening d, had risen to the level of the outer liquid, 
has been depressed to the point of the tube, iff order to expand 
the gas in A up to the degree of pressure at which the following 
observation is made; then i is quickly shut, all the water that 
runs out is poured away, and the empty graduated vessel C is 
put back into its place. Now / ts opened, and, by The running- 
out of the water, gas is slowly aspirated through A, till the, 
liquid* is decolorised again, wheretyion i is closed, and the 
volume of the water run out into the graduated cylinder is 
measured. Wc will call it m c.c. In this process no sulphur . 
dioxide escapes unabsorbed if the bottly A is constantly 
slyiken; it is best to do this with one hand, holding the pinA- 
cock i open with the other hand, and Getting this go the 
moment thj colour has vanished, or e> 7 en when it is but faint, 
as it generally disappears on shading a iittlc longer. 

It ?s advisable to add to the ^idine solution a Mttie sodium 
bicarbonfSe, which will facilitate the absorption of SO., *(C. 
Winkler). 


, If a second testing is to be made, withf\t any further .fh.enf-, 
tion a fresh quaiftily of iodine solution can\>e pufr in and the 
process recommenced. When yhis lias been repeated a few 
times, the decolorised liquid in .A, after a short time, again , 
turns blue^because then fts percentage m 111 has become so 
large that, decomposes*on standing and liberates iodine. 
This liqyid miy.it then be poufed away, and, replaced by fresh 
water and a little starch solution. 

Th^ calculation.of the result is/IS.fellows:— 1 hc # # c.c. of 
iodine solution, provided it contain* 12-6^ g. per litre, »by its 
decolorisatitm shows 0-0032 g. SO,, v^hich, at o°Ti, and a 
barometric^ pressure y>f 760 mm., yceu^iejj a volume of i- IJ4 x n 
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C.c. If the barometer shows b mfn., and the thermometer f C., 
and the difference of vvater-lev^l in the aspirator is =h mm*. 

Jl* % * 

equal to - ^ ^ mm. of mercuny, the txnct volume of 0-0032 x n g. 

'SO., is 

• 1.114 x // x 4 - x (1 +0.003665 t) c.r. 

« * , h 

‘ r b ' , 5.6 


As the water run out, and thus also the gas aspirated 
through A, amounts to /// c.c, the volume of the aspirated 
gaseous mixture,,before the absorption of the SO., contained 
therein, must have been , , 


///+ 1.114 x//x x {1 + 0.003665 x/) c.c., 

b - - l — r 

. i3- 6 . 


'and the percentage of SO, in volumes of the gaseous mixture 

I 

100 x 1.114 x // x —- x (1 + 0.003665 x t ) 

b v 
13.6 

/«+ I.II4 X// X X (1 + 0.005665 X /). 


jin maijy^iases a correctional’ the barometrical and thermo- 
metrical changes will not be required ; and the formula is then 
simply 


>1 !..| x // 

S. + 1. 1 14 X >1 

4 


per cent. S().,. 


t 


If the percentage of SO, in the gas is very sihrfll, and thus/// 
very large in proportion to //f the formula may be simplified 
into * 

11 r.4 x n 


If Kfjc. of a deciru/rrhv] iodine solution 12-65 g- ij> 1000 
c.c.) h»$e been put into A, kljis quantity, according to the above¬ 
given formula, will correspond to 0 032 g., or 11-14 'c.c. S 0 2 , at 
o C. qncl 760 imn.; apd this, number nc^d only be multiplied 
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by ioo, &ncf divided by the ‘number, of cu£ic centimetres gf 
nvater collected jhi C ,plus 11, in,ord$r to find the percentage of 
SO, in ihe gas. The barometrical {md therfnom^trical correc¬ 
tions are in this case, of c8urse, needed. The subjoined table 
will save this calculation. On employing in c.c. of decinormal 
iodine solution, the following number of cubic ajitimetres 
collected in the graduated cylinder, C^show :— • 


Cubic centimetres. 

Volume |K > rcentat'P of Sl) 2 . 

82 


120 

86 


n -5 

90 


i 1-0 

95 


*5 

,100 

• 

10-0 

106 


9-5 

' ‘3 


90 

120 


8-5 

12K 

» 

80 • 

138 

• ‘ 

7-5 

14O 


7 ' ’ 

160 

. • 

05 

05 


60 

192 


5-5 

212 


. 5 -o 


* Even if the gas to be examined is takep at a point where it 
is already mixed with nitre gas, this will not exercise any 
practiealIy*important influence, upon the result. tVc hate 


already seen that, in ordinary w >rk, for each ioo ^;yls of ^O., 
only i-8g»NH0.,, or its equivalent as NT), or $ 0 ,, exists in*the 
gas. In such dilute aqueous solutions as come into question 
here nitric acid fcardly at all oxidises sulphurous acidi thk> 4 
ho*wever, is done by nitrous and hyped'ri^icids. , Even if we 
assume that onjy NO., is formed (winch is going much too far), 
this could atViost oxidjse its equivalent in SO.,, according to 
the forntula • * S 

• NO, + II.,C*+ SO., * 80,10 + NO. 

• *• ; . 

46 NO., thffs oxidises 64 SO., or 1-35 NO* $the equivalent of 
1 85 NOjli) only 1 -08 SO.,; in othej^ords, ip the wosjit case, 
never happening impractical w<»rh, i*oo parts SO, f Sjj parts 
would be oxidised by nitrogen acids instead of iodR^e. Even 
this maximum error would, say, at ip^jer cent.,only anfount to 

A • • • • 
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a deficiency of o-i^S per.cynt.; but this is certainly Reckoning ft 
, much-too high. , r t 

Raschig {Z. angnv. Ci/eut., 1909, p. 1182) point? out an 
. inaccuracy connected with /fiis nwthCd in consequence pf the 
presence of nitrous gases, and the uncertainty of recognising" 
the end of the reaction, owjiig to the fact that the iorline solutibn, 
after being decolorized, again takes a blue colour through the 
actipn of nitrous acid. ThisTault is, however, avoided, if*sodium 
acetate is added, say fur each 10 c.c. decinormal iodine solution* 
about 10 c.c. of a cold saturated solution of sodium acetate, and 
the chamber gases are filtered through glass wool before reach¬ 
ing ithe iodine solution ; thus only acetic acid is present in the 
free state, which prevents any action of nitrous acid." This acid, 
iiv fact, or its equivalent of NO + Ntf, can be estimated after 
performing the Reich test, by adding a drop of phenolphthalein 
and titrating with decinormal NtiOII solution till the red colour 
( appears. Prom the volume of,soda solution consumed must be 
deducted 10 c.c. for the 11J formed from the 10 c.c. normal 
iodine, and 10 c.c. for the I I.,SO, formed by the reaction : 

, S 0 2 + 2j -f2lLO = 2IIJ + H.jS() 4 ; the decinormal soda solution 
used beyond those 20 c.c. indicates nitric and nitrous acid. [This 
estimation is not quite correct, because the CO., of air (and of 
that contained as iivpurity in the NaOH solution) also acts 
on .phenolphthalein, and.no boiling out can be allowed here 
4 because then the nitrous acid would be driven out as well.] 

/ - • , 

<• « «> 

8. Lunge's Test for I'otal Balds in the Burner-gas. 

, • Considering the OAtccuracy peculiar to Reich’s test, owing to 
the constant, presence of sulphuric anhydride in the burner-gas 
(cf. supra , pp. 563 et seq ), th« question arises whether it would not 
( be better to substitute for it a test showing the total acidity of 
the burner-gases, 'f'kerc is no'diffici/ty in doing this, dither by 
the method indicated for testing thb exit-gases, or 'in a more 
expeditious way by employing in the apparatus (p’ig.' 157) a 
caustic-soda solution tinged red by phenolphthtucin (l'itmus is 
not suitable in this, nor Y methyl-orange, which acts differently 
upon ^plphurous and sulphuric, tic id, cf. p,. 334). I have 1, shown 
this metfybd to be (juite practicable and accurate, and it is 
carried but at many workn for the regular^control of the process. 
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A decinarm.il solutVon*of caustic soda is employed, oi which 10 
jc.c. arc tinged red wftli phenolphlhcflein arftl diluted to .abotit 
fOO or apo c.c. 'The gas is aspirate^. 1 through it slowly, exactly ' 
as in Reich’s test, with continuous shaking. Especially towards 
•tha efid the shaking must be contfnued for a while (say half.a 
minute), each time aspirating a few cubic centimetres of gas 
through the Squid, till the colour has* Been completely discharged, 
which i* best ascertained by putting a wtiite piece of paper or the 
4 ike underneath the bottle. The calculation is made exactly as 
with the iodine test, counting all the acids as S(), A large 


<1 


Fig >57. 



number of practical tests made in this manner have shown that 
the percentage of total acids calculated is alwaysTtirgef 

than the figures found by the iodine rest, o\\ig to'he presence 
of SO.j, and ih*at the results of die former test agree with those 
of gravgnetrical estimating. • j 

The absorption-bottle used by me differs from Reich’s in 
having,an *nlet-tube for the gas, closed at the bottom, and 
perforated by»(jiany pin-holes* through which the gas rises in 
many minute bubbles, instead of one l.irgi? bubble, as shown in 
Fig. H7- Experience proves^tjiis/co Be greatly superior to 

Fig. 156. _ * ** . - » * 

The otherwise excellent absorbing; but tie desdrjbed in 

• • * * ’ 2 0 , 
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No. 34 of the . 11 /eaC Inspectors’ Reports , p. 22, is not available i« 
this case, as it contains' india-rubber rings, vyhich act upon 
iodine. ' * ' 

i ♦* 

■ ( * «, 

9. Estimation of Oxygen in Burner- and Chamber-gases. 

• '* 

Although burnty-gas fs not generally tested'for oxygen, 
this test being reserved 'for the exit-gases, we will here describe 
the 'methods employed' for estimating oxygen in any of the 
gases occurring in the manufacture of sulphuric acid. 

‘ Oxygen is for technical purposes always estimated by means 
of api absorbent, observing the contraction of volume produced. 
Some of these absorbents are not now employed- eg. nitric 
oxide (used by Priestley and by Scheurer-Kcstncr, Cumptes 
rend., lxviii. p 608 ; also recommended by Wanklyn), fe.'rous 
hydrate (Vogt, Ding/, poly/. /., ccx. p. 103), and others. 
Cuprous chloride in ammoniacal solution may be employed 
'for absorbing oxygen, but it has no advantages over pyrogaliol 
or phosphorus, and several drawbacks, so that it cannot be 
recommended. The choice really lies between the two agents 
'just mentioned. 

,0f these pyrogalhl must be used in an alkaline solution, and 
it acts very promptly indeed. Its use for this purpose wafs 
proposed by Chcvrcul as early as 1820, but it became general 
only through Liebig maily years after. It is true that this 
' reagent in the presence of pure oxygen forms some carbon 
monoxide (Crace'Calvert, Proc.f lunch. Lit. and Phil, tine., 1863, 
p. iS.|); but this never happens w''ith gaseous mixtures con¬ 
taining no more oxyg.tyf than atmospheric air (I’oleck, Z. anal. 
Client., 1869, p. 451)/ It is therefore altogether reliable in the 
present case, and fc very ipuch employed. Unfortunately the 
solution (25 g. potassium hydrate and 10 g. pyrogallol to 
'400 c.c. water) gradually thickens afid becomes useless long 
before this somewhat expensive reagent has been used up. 

Phosphorus is one of the oldest absorbents for cxygen, and 
' it has again come, Into use, since’the manner of emptying it 
has been properly stiidie^and as it is now found in trade in 
very thip 'sticks, offering u g.caUiurface. Of course it rrfust be 
kept underwater, and< mast^be exposed oTily to the_ gas to be 
analysed ’ It acts only 'at a temperature of at least 16 0 , better a 
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Httle abovc't this il the first.condition to b^ observed in its use, 

• but it is easytfo attafn if the apparatus is l^pt in- a somewhat 
warm [jjace (nehr an acid-chaitibei^. The action of phosphorus 7 
on oxygen is interfered yilh by tsaces of tarry intittcrs and the 

‘like* but such do not occur in *chamber-gas. As it is, tjjc 
gases, both for the pyrogallol and the phosphorus tesj, arc often 
"previously Vashed and freed frdtfi acidj by passing them 
through a solution of caustic potash ; But there i» generally no 

• great error caused by omitting this treatment. The action of 
the oxygen on the phosphorus is at once indicated by the 
formation of a white cloud, and it is necessary to wait a few 
minutes till that cloud has completely disappeared, when the 
absorptios of oxygen will be complete. Once charged, such an 
apparatus may serve for hundreds of tests, but it should be 
kejX protected from daylight. 

The apparatus employed fpr estimating oxygen in gaseous 
mixtures may be of various descriptions. Those most used are 
Orsoit’s apparatus (if. Lunge’s'' Technical C/ieAiii/s' Handbook, 
p. 97, and Winkler-I.tinge’s Technical Gas-Arndysls, 2nd edition, 
p. 87), Lindemann’s apparatus (ibid., p 92), and M. Liebig’s 
apparatus (IJingl. polyt. /., ccvii. p. 37, and ccxxxiii. p. 396)*; 
Younger’s apparatus (/. Soc. Chan, hid., 1JI87, p. 348) is a slight 
modification of the latter. The two former can be used for 
phosphorus or pyrogallol, the latter for pyrogallol only. 

Qf ednrse Ilempel’s, Buntc’s, <Tr any other apparatrft, for 
general technical gas-analysis may be employed as well. • 

Insisad of taking ojtly single samples of flic cf?aping £as, it 
is advisable, apart from these, to collect an average sample 
. (say, for twenty-four hours) Ty aspirating a certain quantity 
(say, about 50 I.) by means of a large a^-ator with thi*t)ut!et- 
cock very slightly opened. Owing to \ie slSwness of the 
aspiration,‘tlie gas standing rover the water in the aspirator 
will b» thoroughly mixcjl up, mid by taking a sample from th* 
aspirato* the average percentage of oxygen can be estimated 
with som#degree of accuracy. We shall treat this matter more 
in detail iif.Chapter VII.* when describing the testing of- 
the exit-gases. 
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Burner-gas' will contai'n the abov? acids if the “potting ” has 
been done either within or close to the burners, as is usifal nn ’ 
England. , The acids and oxides of nitrogen are, however, bet 
exceptionally estimated in Lfirner-gas, and not very r often even 
in chamber-gtis; the lafler rs not indispensable, bccaiffse the 
coloiff of the chamber-gas on the one hand, and the testing" 
of the “drips” on the other, which we shall describe in 
Chapter V., are sufficient for guiding the manufacturer in 
his york. „ 6 

Iii well-conducted works,,however, the chambesrexits are 
tested not merely for total acidity, but also for nitrogen acids 
separately. For this purpose the prescriptions formulated*'by 
the British Alkali-Makers’ Association may be observed, which 
we shall give in detail later on (Chapter VII.). These do not 
dxtend to nitric oxide, but we shall see that it is easy to 
estimate this at the same time. In this place we shall give a 
short outline of the methods employed by Lunge and Naef for 
fheir extended experimental investigation of the vitriol-chamber 
process {Chon. Ind.,*\ 884, p. 5) for estimating nitrogen oxides 
and sulphur dioxide at the same time. The pipe bringing the* 
gas from the chambers is continued into a Y-pipe, both branches 
of which «re connected \tdth sets of absorbing-tubes. ,One 
'branch is connected with three U-tubcs containing concentrated 
pureVulphuric 1 acid (for retainin^N 2 Q . and N 2 0 4 ) and a fourth 
tube containing an acidulated solution of potassium per¬ 
manganate (for retaining NO).* The other t branch of the . 
Ytpip6*first leads intorii long glass tube filled wifh cotton-wool 
or glass-wool,* where any dtjops of mechanically carried-over 
sulphuric acid are retained, anc! h then into two L'-tubes con¬ 
taining pure caustic-se^ja solution (for estimating SO,,). «>\t the 
end of both sets of tubes then; is- aq aspirator, consisting of 
a large glass bottle, holding about 20 1., divided fcsto -single 
'litres, with a tap qr*tap-siphon le'ading into a similar 'bottle, 
so that the quantity of u^ter run out indicates the quantity 
of gas pa^^d through <*aeh bet/if tubes. The gas remaining 
in the aspirators is tested f(S oxygen by Absorption ; nitrogen 
by difference. Sjtlph/>f dioxide is found by oxidising the 
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taustic-Sode. solution tvith bsominc water, precipitating the 

'sulphuric act' formed by barium ^hloridc* In the sulphuric 
acid nitrogen n-ioxide and tctYoxiuc are estimated in the way* 
indicated in Chapter III ("jjj. 378 *ct set/.), by testing both with 

* perntanganate and with the nitrometer. The tube filled wj*h 
potassium permanganate must have retained the nitric oxide 
which is fouSid by adding titrated ftfirous sulphate sq'stion and 
retitrafing with permanganate. WhcTc the quantity of SO., in 

•the gas is considerable, this method trannot be employed; in 
this ca^ it is not possible to separate the NX)., and NT),, and 
the method otherwise used for the chamber-exits must lie 
employed (Chapter VII.). # ^ 

* Nitrogen protoxide, N., 0 , may occur in chamber-gases 
in very slight quantities. The former methods of its detec- 
tioiKnnd estimation were very inadequate and failed entirely 
in the presence of other nitr >gcn oxides. It lyay be possible 
to apply the method proposed by Knorre (Bert. Her., xxxiii. 
p. ci 36), viz., burning with excess of hydrofen in a Drelf- 
schmidt's platinum capillary (if? Winkler-Lunge’s fethnieal 
Gas-Analysis, 2nd edition, p. 162), or else Poliak’s method 
(described in his inaugural dissertation, Pray, 19*2, p. 52, and 
in Treadwell’s Lchrbuch der anal. Chau., 2#vl edition, ii. p. ^38) 
of burning in a bright red-hot Drehschmidt’s capillary with 
pure carbon monoxide, measuring the contraction and estimating 
the £ 0 ,•formed. The contraction in burning for NCi is 

^ * for N .,0 there is no contraction at all; the ydaimc o« the 
2 • “ • • 
absorbed C() 2 is equal tJ NO + N/). lienee the volume of 

, N . 2 0 is obtaine^ by deducting twice the volume of tire fijst 
Contraction fropi the volume of CO foumV This is maclJ? cleitr 

by the following equations :— ■ 

• * 

2 voi. N0 + 2 #vol. CO 1 vol. Nj4 2 vol. C(> 2 * # 

* r vol. N..O+ i v# CO ? 1 vol. I vol. CO,. 

* t 

Horned! [Z. Eiektrochem.j 1906, pp. 600 et set/.) estimates 
very slight qfrantities of nittogen protoxAj^, such as may be 
suspected in chamber-gases, bv copling* the gases by means 

“of liqtid air, whidi causes tht«N< 0 *tcf aaaflense t8 .a liquid, 
adding to.it electrolytic'fulminatiiig-gas»(H, + 0 ) #nd"explod¬ 
ing in an explosion-pipette. The increase of the volume of 
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the gas thus produced corresponds to hslf ’the n'/J originally 
present. He thus''"found/m the exit-gasSs frony'the Freiberg, 
’ factory, 0 063 to 0 073 per* ceift.; from the Hussig factory, 
, O-ii to-O J4 per cent.; ’in n very f>;yi chamber-gas, 0-25 per 
esot. N, 0 . 
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CHAPTER III 


THE PROPERTIES ANI) ANALYSIS OK THE TECHNICALLY 
EMPLOYED OXIDES AND ACIDS OF SULPHUR 

' • 

SlCSOUIOXIDE OK SULPHUR, S., 0 ,. 

Tills substance, the anhydride of thiosulphuric acid, is obtained 
by dissolving sulphur in fuming oil of vitriol. According to 
Witt {Chew. Jut/, d. deufsch. RricLes^p. nS), it is preferable to 
all other agents as a reducing agent (dissolved in sulphuric acid) 
in the manufacture of nftphtazarin and several other cases. 

• 

Sulphur Dioxide, SO.,. (Sulphurous Anhydride.) 

Sulphur dioxide is at the ordinary temperature and pressure 
a colourless gas of suffocating smell, neither supporting com¬ 
bustion nor combustible itself directly. Even when greatly 
diluted with air it has a very injurious action upon plants aTid 
animals {if. further on, pp. 268 et seq.). , 

Sulphur dioxide contains £0-05 per cent, by weight of 
sulphur and 49-95 per cent, oxygen. Mohicular weight 64-06 
( 0 =i 6). Its specific gravity has been foujul by various 
observers = 2-222 to 24247 (air=i); emulated from the molec¬ 
ular weight = 2-2136. A litre of the gas at o' C. and 760 mm. 
pressure xvjighs 2-8608 g. Its coefficient of dilatation is not 
exactly equal to that of air, but rafticr larger, especially at lower 
temperatures, namely for each 1" C., according to Amagat:— 


Dcgreoa. 


Between* o 

and 10 

0-504233 

„ 10 

„ 20 . 

0-004005 

At 

• 5 ° 

($003846 


yoo 

. ■ ' ■ 0-003757 

>> 

150 . 

0-003718 

„ 

200 

0003695 


250 # . 

<0-00368 5 


S 63 * • 
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Its specific heat, compared with its equal weight of water is 
= 0-1544; compared with its equal weight of air =0-3414. 
Mathias (Comptc^ rend,, cxix. p. 404) gives it as between —2 o' 
and +' 130" C.: 

. °' 3 > 71 2 + o’ooo35o7/ + o'ooooo6762/-. 

The density of saturated vapour of SO, (that is, iij contact 
with liquid SO.,) at various temperatures (water of o' = i) is, 
according to Cailletet and Mathias {Comples raid., civ. p. 153C):— 


Out. ’Cent. 


At 7>3 

0-60624 

At ioo-6 

0-07S6 

>, >6-5 

0-00858 

.. 123 

0 1340 

247 

0-0112 

„ '3° 

o-1607 

» 37-5 

O-OlC) 

„ '35 

o- 1 888 

0 45-4 

0-021.8 

M 144 

0-2195 

„ 58-2 

0-031 0 

,2 '52-5 

03426 

„ 78-7 

00464 

» I 54-9 

. , 0-4017 

„ 91-0 

0-0626 

„ 156 

critical point. 


The heat of formation of 1 g.-mol. of SO., ( = 64-06) from 
ordinary (rfiSmbical) sulphur is = 71,0.So cal. (Thomsen), or 69,260 
cal. (Bcrthclot). 

By moderate cooling sulphur dioxide can be condensed to a 
liquid , even without application of pressure. Liquid SO., is a 
colourless mobile fluid, of about the same refractive power as 
water, boiling at -io",C. (Gibbs, J. Amir. Chan. Sac, 1905, 
p. 851, found the boiling-point qf dry SO, at 760 mm. pressure 
equals- io n -og); but on drawing it off at the ordinary tempera¬ 
ture from a rqscrvoir it remains liquid for some time, the 
evaporation roofing it dawn below its .boiling-point. Its latent 
heat atro" is 91-2, at io' 88-7, at 20" 84-7, at 30° 80-5. 

Its vapour-tension is :— , 


At 0 

0 53 atmosphere overpressure 

„ 10 

1-26 

1) 

„ 20 

= 2-24 atmospheres 

» 

3 ° 

3-51 

}> 

» 4 ° ' 

5 ’ 1 5 „ , 

)> 


The specific gravity of liquid suljlnur dioxide at various 
temperatures has been accurately determined by A. Lange 
( /. angew. Chai/.,>\ 8 gg, p. 275) as Wlows :— 
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Temperature. 

.Specific gravity. 

Temperature. 

1 

Specilic gravity. 

• 

- 20° C. 

1 - 48.(6 

-1-20C. 

* 1-3831 

- io '' 

1-4601 

25 " 

1-3695 

- 5“ 

1.4476 

30° 

1-3556 . 

0 ° 

04350 

35" 

1 -344 1 

!- 5" 

1-4223 

■ -to” 

1-3264 

• 10° 

04095 

5o° 

1-2957 

I 5 U 

1-3904 

6o° 

’ 1-2633 


He found that absolutely anhydrous liquid sulphur dioxide 
does not act upon iron up to ioo° C. Technical sulphur dioxide 
has a slight action, owing to the presence of a little water. The 
temperature at which this takes place increases with the purity 
of the acid, r.g._ it is 70' in the case of acid containing 0-7 per 
cent. ILO. Since liquid SO, cannot .dissolve more than 1 per 
cent, w.itcr, cvtti the most impure product cannot act on the 
iron vessels in which it is'transported at ordinary temperatures. 
The mixture of ferrous sulphite and thiosulphate formed, more¬ 
over, acts as a protecting crust. In ice-machines u^ujre SO, is 
the active agent, and where the temperature in the pumps may 
rise considerably, only absolutely anhydrous SO., should be 
employed. (Cf, on this subject, also, Z. angew. Chem ., 1899, 
pp. .300 and 595.) 

I'roduition .—Sulphur dioxide is produced by burning brim¬ 
stone, and by heating (roasting) many»mctallic sulphides, in 
the presence of air ; by the actiofi of strong mineral acids, both 
on its own salts, the sulphites, and on the .thiosulphates and all 
polythionic acids; by heating sulphuric anhydride with sulphur, 
or by heating oil of vitriol with brimstone, coal, organic sub¬ 
stances, or several metals; by strongly heating the vapour of 
sulphuric anhydride, or sulphuric acfid.u’ith simultaneous forma¬ 
tion of oxygen and water respective!)’; and by igniting many 
sulphates, whereby the sulphuric anhydride first liberated at 
once splits up into sulphur dioxide and oxygen. 

According to Scott, when sulphur dioxide (mtxed with CO.,) 
is to be made by tlje process mostly used on the small or 
moderately Small scale, vy., tliat of hgatihg sulphuric acid with 
charcoal, it is best to employ acid of 74 per cent. SO,, — 165'' Tw. 
If stronger acid be used, a portion of it is reduced to sulphur, 
which may produce iron sulphide with tbc iron, of the appar- 
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atus; with weaker acid sulphuretted hydrogen is formed. In 
order to obtain* the ga$ as pure as possible, the washing-water 
should be mix^d with lead sulphate or coarseljr-powdered 
charcoal. 

Thus sulphur dioxide is produced from sulphuric acid or 
anhydride in many ways by reductive processes. On the other 
hand, the sulphur dioxide passes over, even more eSsily, into 
sulphuric acid by oxidation processes; and it is accordingly one 
of the most frequent and potent reducing agents. Under 
certain conditions, by the action of light, of the electric current, 
or of a very high temperature and pressure combined, sulphur 
dioxide splits up into sulphur and sulphuric anhydride. In the 
presence of oxygen (for instance, that of atmospheric air), or of 
bodies easily parting with their oxygen (such as the higher 
oxides of nitrogen, of 1napg4nc.sc, of lead), sulphuric acid or its 
salts are formed. A very important reaction v> that petween 
SO., and sulphuretted hydrogen, IT.,S. When completely dry 
the two gases do not seem to act upon each other, liven in the 
presence of moisture no action takes place at temperatures 
above 400' C. (E. Mulder). At the ordinary temperature water 
and sulphur are produced, but at the same time also penta- 
thionic acid, according to the equation : 

5.SO, + 5 I US - S,(), H, + 4IJ.O + 5S. 

This action occurs siinultaneously with the simple reaction : 

■* so, MILS - 21-I.O + S,, 

one or the other of these prevailing, according to the proportion 
of the* two gases in the mixture. , 

Dehavioia of SO., tozvanfs Wir/rr. —Sulphur divide does not 
take up just 1 mol. of II,/) to form sulphurous acid proper, 
SO/L, but under certain conditions it yields a solid compound 
with much more water (9, 11, or 15 II/) to SO/ \\hich has not 
yet been definitely investigated. Sulphur dioxide dissolves 
pretty freely in 'water; and this solution ^behaves in every way 
as if it contained the real, acid SO..II.^; but constantly, even at 
the ordinary temperature, the dioxide (SO.,) evaporates from it. 
Pne volume of water absorbs, under 760 mm. pressure and at 
o", nearly 80 volA SO v . The coefficient of absorption, according 
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to Bunsen and Schonfeld, at temperatures ranging between o" 
and 20°, is , 

j 79.789 -2.6077/ + 0.029349/-; 

at temperatures between 21 and 40°, 

75.182 - 2.1716/+ 0.01903/". 


The saturated acid contains at o" 68-86i vols. of gaseous SO.,, 
and has a sp. gr. of 1-06091 ; at io’ J it contains 51-383 vols. 
gaseous SO.,, and has the sp. gr. 1-05472; at 20", 36-206 vols. 
SO,,, sp. gr. 1-02386. The absorbed gas does not escape on 
freezing; on boiling a long time it goes away, completely. 
Alcohol absorbs a much larger form of sulphur dioxide (at o" 
and 0-76 m. pressure, 338-62 vols. SO.,. 

From Bunsen and Schonfeld’s determinations Harpf (Chcm. 
Zeit ., 1005, p. 136) calculated the following table (for normal 
atmospheric pressure):—- ’ ‘ 


Tom- 

1 lit wauM 

1 lit. *\ator 

1 lit. saturated 

r 

l’ei cent. SO.. 

peiatuie 

Degrees. 

iIlSSOl VCS 

* 111 SO.. 

dissolves 

I- 1 ; rail lines S(), 

turn contains 
lit KOo 

of aqueous 
solution 9 

* 

the aqueous 
solution. 

r 

0 

79-8 

228-3 

ns.86 

I *0609 

18*58 

5 

57-5 

I93-I 

59-82 

1-059 

16-19 

10 

56-6 

l6l .9 

5038 

1.0547 

1.3-93 

1 5 

47-3 

135-3 

43-50 

I*042 

11*92 

20 

39-4 

112-7 

30-21 

1-0239 

10-12 


A table, not very much deviating froili the above statements, 
of the solubility of sulphur dioXide in wat(,r at 076 m. mer¬ 
curial pressure at different temperatures,<is given in Kopp and- 
Will's Jahresber. for 1861, p. 54. * 

Giles and Shearer {'J Soc. Chan. Jw/\ 1885, p. 305) gjve the 
following table of the percentage of SO., in solutions of various 
specific gravities:— « • 


Tem¬ 

Specific 

Per cent. 

Tem¬ 

Hpeeilic 

Per cent 

perature. 

gravity. 

S< >0. 

perature. 

giavity. 

NO, 

1 5-5 c. 

* t 

1*0051 

0.99 

1 $“'5 

. j -0399 

8*o8 

1 5 -5 

1*0102 

«-°5 

i 5°-5 „ 

1 043S 

8*68 

15 '-5 

, 1*0148 * j 

2-S? 

'5 -5 

1*0492 

9.80 

15 -5 „ 

1*0204 

< 4-04 

I 5--5 

1-0541 

10-75 

1 5 -5 .. 

I*0252 

4-99 

12-5 

10597 

11-65 

1 5”-5 >• 

1*0297 

5.89 

II "-0 

I-oC6S 

13.09 

■5 -5 ,, 

1*0353 

7.01 

* 

- .... 

. 
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Another table, for the temperature I5°C., is given by Scott 
(Phan//. Soc.J. end Trans., xi. p. 217):— 


l’or cent. SO.>. 

1 

Specific gravity. 

lVr cent. S()o 

Specific gravity. 

o -5 

1*0028 

5-5 

1*0302 

1*0 

1-0056 

6*o 

1-0328 

1-5 

, 1*0085 

6.5 

1-0353 

2*0 

i-0113 

7-0 

1-0377 

2-5 

1*0141 

7-5 

I-040I 

3 -o 

i*oi68 

8*o 

I-0426 

3-5 

1*0194 

S -5 

1-0450 

4.0 

1*0^221 

9.0 

1*0474 

4 - 5 ' 

1-0248 

9-5 

<•0497 

5 -o 

1-0275 

10*0 

1*0520 




Much higher are the figures given by Pellet (/. Soc. Chon. 
Ind., 1902, p. 171): — , - 

Portent NOgin 100 ITuO. 1. ‘2. 3. 4. r ft. 0. 

-Sp. gr. at 15" to [7"C« 1-0075 1-015 1-0225 1-0.50 1-0375 1-045. 

An apparatus for the production of aqueous solutions of sul¬ 
phurous a<p<) has been described by I Iol/.hausel (Gcr. P. 49194). 

In the presence of oxygen solutions of sulphurous acid are 
partly converted into sulphuric acid. 

Salts .—Sulphurous acid forms two series of salts (sulphites) 
—saturated or normal sulphites, S 0 3 M_, ; and acid sulphites, 
ST) 3 MII, isomorphous with the corresponding carbonates. 

Sulphur dioxide is absorbed by anhydrous barium oxide at 
200", better at 230’; by strontium oxide at 230", better at 290"; 
in both cases the normal sulphite is formed. Calcium oxide 
forms at 400° a-.ba.sic sulphite, Ca^S.O,,., which at 500 splits up 
into sulphate and sulphide. Magnesia.absorbs SO., very slowly 
at 326°, and slightly above this the sulphate is formed (Birnbaum 
and Wittich, Per., 1880, p. 6fi). 

The reactions taking place between sulphur dioxide and the 
oxides and acids of nitrogen will be described in a later part of 
this chapter. > * 

Injurious Action of Sulphurous Acid (Sulphur Dioxide) or 
Animal and Vegetable Organisms. — 4 )gu(a (Arch. f. Hygiene, 
1884, p. 223) found that 0,04 per cent^ SO., causes difficulty of 
breathing after a few hours; he could not take a single full 
lyeath in air containing 005 per cent. SO.,. It is an acute 
blood-poison. 
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1 i i • , 

Lehmann ( Z. angcw. them., 1893, p. 612) showed that 

persons not habituated to sulphurous acid are v«ry little affected 
by 0-012 [Jlt ml., but perceptibly so by o-oi 5 ppr ml. SO.,. The 
presence of 0-030 per ml. after a few minutes causes strong 
irritation of the nasal membranes, sneezing, and slight ooughing, 
which symptoms decrease after. ten minutes. The employes 
and workmen accustomed to it are but little affected by 0-037 
per ml.; the sensibility to SO, seems to be lessened by habitu¬ 
ally respiring air containing it. 

Sulphur dioxide is also very injurious to vegetation, and is 
one of the chief constituents of the “noxious vapours” so much 
complained of in most manufacturing districts. It is true that 
these vapours contain other injurious .constituents, chiefly of an 
acid character, viz., sulphuric anhydride, hydrogen chloride, and 
sometimes even the acids of nitrogen, Disregarding the latter, 
and even hydrogen chloride, which will be treated of in the 
chapter devoted to that subject, we shall now enter upon a 
description of the effects produced by the ordinary “ acid 
smoke ” of metallurgical and similar works, whtfre, SO,, and 
generally also S 0 ;i , are the principal compounds to be blamed 
for the injurious action exercised by the smoke. 

A detailed investigation of the influence of the noxious 
vapours at Freiberg, where very large and numerous smelting- 
works are situated, on vegetation and on the health of domestic 
animals has been made by Freytag (abstracted in Wagner’s 
Jahrcsbcr., 1873, P- 180). The a«id, arsenic, and zinc vapours of 
the Freiberg smelting-works under favourable circumstances, 
even with the then existing condensing arrangements, may 
injure the vegetation of the neighbourhood in the following 
way: at a sufficient concentration they are taken up lay the 
leaves when Covered with dew; on»J,he.evaporation of the water 
the organs affected are corroded and reduced to the same state 
as that which they assume when vegetation ceases. This injury 
can always |?e proved both by the eye and by chemical analysis. 

A “ poisoning ” of the soil or of the whole pla*t is o*ut of the 
question. The sometimes entertained assumption of an invisible 
injury done*to the vegetation*by the smeKing-works’ vapours and 
the awarding of damages founded thereon arc unwarranted; 
they contradict the fundamental principles of all exact investig^- ‘ 
tion and foster the desirc#of the' unrqasontng multitude to 
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incessantly raise fresh claims for damage alleged to have been 
done by the works. A decrease of the nutritive value of food- 
plants, in cases pf visible injury done to the leave*-, can only 
occur in consequence of the loss of these leaves and the lessened 
ability of the plants to decompose carbonic acid and produce 
organic matter therefrom. Any metallic oxides or salts adher¬ 
ing to the leaves of food-plants may become dangcrolis to the 
animal organisation by causing inflammation of the mucous 
membranes, and, under very unfavourable circumstances, may 
produce death ; but this fact can always be established with 
certainty by post-mortem examination and by chemical analysis. 
The supposition that the “acid disease" and tuberculosis occur¬ 
ring in a particular neighbourhood among the cattle arc produced 
by the noxious vapours from smelting-works is utterly unfounded 
and must be most emphatically contradicted. Freytag con¬ 
siders that air containing more than 0003 vcl. per cent, of 
S 0 2 will do injury to vegetation. 

Schroeder (Wagner’s Jahrcsbcr ., 1874, p. 277) made, extensive 
experiments on the influence especially of sulphur dioxide on 
vegetation, with the following principal results :—From air con¬ 
taining as little as -.„\ 0 of its volume of S 0 2 this gas is taken up 
by the leaves of “leafy” (deciduous) trees and conifers; these 
retain it mostly, a smaller portion penetrating into the wood, 
the bark, and the leaf-stalks, either as such or after oxidation to 
sulphuric acid. Conifer leaves absorb less sulphur dioxide from 
the air for an equal surface of leaves than deciduous trees ; the 
.absorption takes place equally over the whole surface of the leaf, 
not by the stowata,and therefore has no relation to the number 
of the latter. A principal effect of the injurious action of 
sulphur dioxide is its causing a check to the normal evaporation 
of water, the disturbance befrig in a direct ratio to the quantity 
of S 0 2 ; the evaporation is mostly affected by absorption of SO„ 
in sunlight, at a high temperature and in dry air. The tran¬ 
spiration of conifers is not visibly lowered by the same quantity 
of sulphur dioxide as that which affects deciduous trees. The 
injury done by sulphur dioxide is greater if the absorption takes 
place at the lower than if at the upper side of the le'af. 

Other communications on this subject, partly contradicting 
* t,hose of Schroeder, have been made by Stcickhart (Wagner’s 
Jahresber., 1S74, p. 228). According to his observations at 
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Zwickau, a distance of 630 m. ’( = 690 yd.) protects even' the 
most sensitive vegetation against the effect of large volumes of 
vapours, ifjpthey escape through chimneys notjess than 82 ft. 
high. Conifers are much more sensitive than deciduous trees; 
the decreasing series of sensibility is—pine, pitch-pine, Scotch 
» fir, larch, hawthorn, white beech, birch, fruit-trees, hazel-nut, 
horse-chubtnut, oak, red beech, ash, linden, maple, poplar, alder, 
mountain-ash. In the parts of plants corroded by sulphurous 
acid, not this acid, but sulphuric acid can be found, and that to 
a larger extent than in the same parts of plants collected at the 
same time in districts free from smoke. ‘ ■ 

Schroeder. and Schertel (Wagner’s Jahrcsba., 1879, p. 234) 
found in healthy fir-leaves 0-162 to 0-237 per cent, sulphuric acid 
(SO.,); damage was only done when the percentage rose above 
0-250; the highest found was 0-592 near Freiberg, 1-33 in the 
Oberharz. 

Other figures given -by Frickc {Chan. Iud., 1S87, p. 492) 
state the difference in the amount of sulphuric acid found in 
healthy and damaged plants as follows :— ’ . 




Damag'd. 

Beans .... 

6119 

6-551 

Buckwheat . 

5-no 

5 -. 38 o 

t.MSb .... 

7 -ioJ 

8-336 

Kye .... 

3-684 « 

5-610 

Wheat .... 

2-179 

4-412 

Cabbage 

i ' l-iip 

30-843 

Oaf, .... 

2-926 

6-788 

Potatoes 

13-000 

_ * . 

J 17-500 


In most cases the differences are too slight to base any 
trustworthy inclusions on them. Oajs, wheat, and potatoes 
stand the acid gases better than young meadow-plants. 

Just and Iliene {Chau, hid., 1889, p. 252) also found very 
varying percentages of sulphuric acid in plants alleged to be 
damaged by S 0 3 ,'t;o that this means of tracing.such 'injury is 
very unreliable. > 

F. Fischor, in the ’220th vblume of Dingl. poiyt. /., p. 88, has 
given a short synopsis of the researches made in this direction 
up to 1878. A special treatise (in German) has been published 
on acid smoke by Hering (C'Kta, i8S"S). ( ' 
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Morrcn {them. Trade /., (i. p. 188) shows that leaves are 
more sensitive-than flowers to sulphur dioxide. When this is 
present in a proportion of 1 part to 80,000 parts of a^;, the leaves 
of fruit-trees are visibly affected in three to five hours, and this 
effect seems to spread after direct action of the gas ceases. 
Adult leaves are usually more,sensitive than young leaves. The 
nerves are least affected and usually remain green. Sulphurous 
acid dissolved in water is almost without effect on the upper 
surface, whilst on the lower surface each little drop causes the 
formation of a spot visible on both surfaces. This solution is 
not quickly changed iiito sulphuric acid ; the effect of the latter 
is quite different from that of sulphurous acid. 

Koenig {Dingl. polyt. /., ccxxix. p. 299) describes the 
appearance of trees destroyed by the vapours from roasting 
blende. 

Hasenclever {Chan, hid., 1879, p. 225) givfs coloured and 
photolithographic illustrations of the ravages caused by acid 
vapours and metallic sulphates upon the leaves of plants and 
plantations' of trees, side by side with those caused by frost, 
autumnal decay, fungi, drought, overgrowth of other trees, etc., 
which closely resemble the phenomena produced by the acid 
vapours from chemical works, and hence are frequently wrongly 
attributed to the latter cause. Neither is the estimation of 
sulphates and chlorides in the damaged leaves, etc., at all a 
safe gui<,le to the detection of the real cause, looking at the 
enormous quantity of acids sent into the air wherever coal is 
consumed on a. large scale. At Stolberg, near Aachen, on a 
superficial aran of 1600 acres, 220 chimneys daily emit 34', tons 
of sulphur dioxide from coal, and nearly 51 tons of S 0 2 from 
zinc-works, glass-works, etc., the sulphuric acid and alkali-works 
adding only I ton (more "correctly 480 kg.) of SO-, and J ton 
of IIC 1 . Hence alkali-makers ought not to be saddled with 
the whole, or even the chief part, of the damage observed in the 
neighbourhood. 

An important paper on the subject in question has been 
published by hamburger {J. Soc. /Chan. Ind, 1884, p. 202). 
His conclusions, founded upon a‘large number of analyses of 
damaged leaves, are practically the same as Hasenclever’s, 
namely, that undoubtedly injury is done to vegetation by the 
acids in the srrtoke; but much difficulty exists as to proving 
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this with certainty in special cases, and at all events the' SO., 
contained in ordinary coal-sinoke contributes., very largely to 
the injurious action popularly attributed to the # emanationsfrom 
chemical works, 

A professional forester, Reuss, partly by himself and partly 
together with Schroeder, has embodied the results of laborious 
work on* this subject in several German publications. Their 
conclusions have been attacked by another forester, Borggreve, 
but llasenclever ( Client. hid ., 1895, P- 49 * 5 ) has shown many 
mistakes in that criticism. They all agree in the conclusion 
that the growth of trees is only impeded by acid vapours if 
visible damage is done to the leaves. When the leaves or 
needles remain green, chemical analysis may prove an action 
of acid gases, but no real damage. 

Winkler ( Z. aligns.>. Chan., 1896, p. 371) ascribes the effect 
of noxious vapours from brick-kilns, etc., principally to their 
containing aqueous vapeur, which, on cowling, causes the con¬ 
densation of sulphurous and hydrochloric acid. 

Further papers on noxious vapours, with details as to their 
action, are those by Hagen [Chan. Zcit., 1896, p. 238), Ost 
[ibid., 1896, p. 165), Nissenson and Neumann (Berg n. Hutton. 
Zeit, 1896,9. 145), Schroeder and Schmitz-Dumont [Dingl.polyt. 
/., ccc. p. 65), Ost and Wehmer [Chan. Iud., 1899, p. 233), 
Seydler (Fischer's Jahrcsbcr., 1899,9. 358), Ramann and Soraucr 
[ibid., 1900, p. 332), Wisliccnus [Z. angrw. Chau., 1901, p. 689), 
Ost [ibid., 1907, p. 1689), Wider [Fischer's Jahrcsbcr., 1905, 
p. 394, and Chan. Zcit., 1908, p. 868), Sora’upr [ibid., p. 395),_ 
Baskerville [Chan. Zcit., 190S, p. 54a). 

A book, comprising the whole of this subject, has been 
published in 1903 by Haselhoff and Lindau, under the’ title: 
Die Jlcschddigung dcr Vegetation , dutch Rauch, another by 
Professor A. Wider, Einwirknng von Schwejliger Satire auf 
Pjlanscn, in 1905 (Berlin, Borntniger). 

• 

Detection and Estimation of Sulphurous Acid and 
Sulphur Dioxide. * • 

Qualitative Reactions of ‘ Sulphurous* Acid .—The sense of 
smell is a very good meads for detecting the presence of SO.., 
when other odorous acids are absent. Gaseous mixtures con¬ 
taining SO., together with s:»ch acids arc besf passed through 

s 
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an absorbent, l c.g. sodium carbonate, with which afterwards the 
ordinary reactions for SO., are made. When passing such 
gaseous mixture^ through a solution of potassium permanganate, 
or of iodine in potassium iodide, these liquids are decolorised, 
the iodine being reduced to HI. This last reaction may also 
be utilised on test-paper. On the other hand, a test-paper, 
soaked in a solution prepared by boiling 2 g. wheat-starch with 
ioo c.c. of water, and adding 0-2 g. of potassium iodatc dissolved 
in 5 c.c. water, is turned blue by SO,, by the formation of free 
iodine. These reactions may also be utilised for recognising 
the presence of SO, wltcn set free from its salts by the action of 
sulphuric acid. One of the best reactions, specially adapted for 
discovering SO, in sulphuric acid itself, is its conversion into 
II,S by means of pure zinc, or, preferably, aluminium in an acid 
solution. The H,S is then recognised by its reaction on lead 
paper, or by the purple colour produced in an ammoniacal 
solution of sodium oitroprusside. 

A solution of a sulphite, either neutral or with addition of 
some sorjium bicarbonate {just acidulated with acetic acid), 
when poured into a solution of zinc sulphate containing a little 
sodium nitroprusside, produces a red colour or precipitate, 
either at once or, if very little SO, is present, after adding some 
potassium ferricyanide. This reaction is not given by thio¬ 
sulphates, which are, moreover, distinguished from sulphites by 
their giving (generallyconly after a little time) a precipitate of 
sulphur on being treated with a stronger acid. According to 
. Reinsch, SO, can 'be ..detected by boiling the acid solution with 
a strip of clcegi copper, which is thereby blackened. This is 
caused by the formation of cupric sulphide, and the colour is not 
changed by heating the strip in fi glass tube; but when the 
colour is produced by sirscviic, there is a subliihate of white 
arsenious acid formed in the tube. 

According to Schiitzenbergcr, sulphurous acid contained in 
a solution can be recognised by adding a drop of indigo solution 
and agitating with a zinc rod; owing to the formation of hypo- 
sulphurous acid 1 (Schiitzenberger’s t “ hydrosulphuric ” acid), 
HSO,, the blue colour will be 'destroyed, but svill quickly 
reappear in contact with the air. 

The quantitative estimation of sulphurous acid in the free 
state can be performed either as will be described in the case of 
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sulphites, or by titration with'standard alkali. In tile latter 
case, however, it must be noted that the point of neutrality is 
reached with phenolphthalein as indicator ^vhen the jiormal 
salt, Na,SO.,, has been formed, so that each cubic centimetre of 
normal alkali (containing 0-031 NaOH) indicates 0 003203 SO.,. 
Of course, as is always the ease with phenolphthalein, the 
standard alkali must be soda or potash, ammonia being useless 
for this purpose. But when employing methyl-orange as 
indicator, the point of neutrality is reached exactly at the 
formation of NaIISO :i , so that each cubic centimetre of normal 
alkali indicates 0-06406 SO,. Litmus gives somewhat uncertain 
results, and -is therefore useless as an indicator. It is thus 
possible to estimate free SO., in the •presence of stronger free 
acids in this way : one portion of the liquid is titrated with 
methyl-orange, and another with.phmiolphthalein as indicator; 
in the (atter case more alkali will be used, and the difference of 
cubic centimetres of nortnal alkali, multiplied by 0-06406, shows 
the quality of free SO, present (Lunge, / Soe. Chen: hid., 
18S3, p. 513; Thomson, Chcm. News, xlvii. p. 130 j.Blarez, in 
Comptes raid., ciii. p 69, adduces nothing new). 

The acid sulphites are neutral to methyl-orange, which con¬ 
sequently enables us to estimate any SO., present over and 
above NallSO,. The SO, present in the NallSO., itself can 
be titrated with normal soda and phenolphthalein, each cubic 
centimetre of normal alkali indicating^o-obqoC S 0 2 . Normal 
sulphites, like Na,SO. ( , can be’titrated by^ means of methyl- 
orange and standard hydrochloric or sulphuric acid, the red 
colour appearing when NaHSO., has been forijxti, so that each 
cubic centimetre of standard acid indicates ( 5 -06406 SO,. 

Other methods of estimating SO, either, in the free state or 
in its salts arj based on its reducing properties. The reagents 
serving for this purpose arc either a standard solution of iodine 
or one of potassium permanganate, both of which arc well 
known and tequire no description here. A decinormal solution 
of cither indicates per cubic centimetre 0-0032*3 g. SO,. The 
method to be recommended for testing gaseous^ SO, in burner- 
gas will betlescribed when treating of that gas in Chapter IV. 
Special attention must be drawn to the necessity of employing 
water free from air in estimating SO.,. This is not necessary if 
the solution of the sulphite *>r sulphurous acid js run into the 
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solution *of iodine (Giles and Shearer,/. Soe. Chan. I mi., 1884, 
P- 197 , and 1885,'p. 303). 

In many easels the quantitative estimation of Sulphurous 
acid can take place by converting it into sulphuric acid by 
means of oxidising agents : chlorine, bromine, iodine, hydrogen 
peroxide, etc. The sulphuric* acid is then estimated in the 
usual way. 

Sulphur dioxide in the presence of hydrogen sulphide, which 
gases may exist together in a state of great dilution by inert 
gases (as in the exit-gases from “ Claus kilns ”), can be estimated 
by passing the gases through a solution of I in KI, followed by 
a solution of caustic soda or, preferably, sodium •thiosulphate. 
The iodine oxidises ITS* into 11,0 + S, and S 0 3 into II 2 S 0 4 ; 
hence the acidity of the solution is not affected by ICS, merely 
by SO., On the other haiql, each cubic centimetre of decinormal 
iodine indicates 0-003203 g. of sulphur in either case, so that 
the difference between the iodometrical and the alkalimetrical 
test gives the 1 I,S present. The addition of a tube with sodium 
thiosulphate,''solution is necessary, because the gaseous current 
carries away some iodine which is retained in that solution; 
the latter, before titrating the iodine solution back, is added to 
it (details in Lunge’s paper,/. Soc. Chau. I nil, November 1890). 

Applications of Sulphurous Acid {Sulphur dioxide). 

The greatest quantity,of SO, is produced for the manufacture 
of sulphuric acid. Next to this in importance comes its use 
/or the manufacture ok wood-pulp, mostly in the state of calcium 
bisulphite (or tt-solution of CaS 0 3 in an excess of sulphurous 
acid). One of the'olckst uses of sulphur dioxide, in the shape 
of burning sulphur, is that as a. disinfecting and antiseptic 
agent. For the former purpose it is not so much valued now 
as formerly, since it has been shown that many of the disease- 
germs resist the action of SO, for a long time. The antiseptic 
function of SO, comes into play in the fumigation' of wine- 
casks, in the arresting of the fermentation of wort, in the 
manufacture of glue (where it acts afso 4s a bleaching agent), 
and in many other cases. , 

In the textile industries sulphurous acid is largely used as a 
bleaching agent, especially for wool, silk, straw, etc. It is not 
quite certain iy which, way it acts 1Y this case, possibly by form- 
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ing a compound with the colouring-matters contained m the 
fibres. Formerly it was generally assumed that the SO., in 
bleaching' acted as a reducing agent, which indeed must be 
true in some cases, although probably not in all. The reducing 
functions of SO, are utilised in chemical and metallurgical 
operations in too many cases to be enumerated here. 

Sulphuric Anhydride, SO.. 

(Sulphur Trioxide), 

consists of 40-05 percent, by weight of sulphur, afid 59-95 per 
cent, of o»ygen; molecular weight, So-o6. According to 
Marignac (Arch. Sc/. Phys. Nat., xnxii. p. 225, 1853; iii. p. 
236, 1875; lviii. p. 228, 1877) and Schultz-Sellack (Perl. Bcr., 
iii. p. 215), it exists in two different modifications, a liquid and 
,a solid, The*liquid, n-anhydride, melts at + 16 C\, and begins 
to boil at +35“ (according to Schultz-SeHack, at 46 ). Specific 
gravity <jt 13' = 1-9546, at +20" (melted) = 1-97. In the melted 
state it is less oily than oil of vitriol, and, if pure,.colourless, 
but usually coloured brown by dust. When kept for some time 
at the ordinary temperature (below 25") it is changed into the 
solid / 5 -anhydride, whose melting-point is stated very differently, 
from 50" to 100° C. Probably it begins to melt at 50", and 
gradually passes over into the ((-modification; it slowly 
evaporates, even at the ordinary temperature. It forms fine, 
feathery, asbestos-like, white needles. The / 3 -anhydride is 
probably a polymer of the a-modificatipn. Buff (Ann. Client 
Pharm ., Suppl., iv. p. 151) confirms this. According to E. 
Weber, however (Poggendorffs Ann., cJix*p. 313; Perl. Bcr., 
xix. p. 3187), the sulphur Jtrioxide, obtained absolutely pure 
and free front water by his method, is «it the summer tempera¬ 
ture a very mobile, colourless liquid, which, on'gradually cooling, 
solidifies to long, transparent, prismatic crystals, similar to nitrate 
of potash, qyite different from the white, opaque crystals of the 
ordinary anhydrfde containing a little water. • These crystals 
melt at i4°-8 C., ancj bo'l at 46°-2. Under certain conditions 
the anhydride can, like many other bodies.'be cooled much 
below its proper melting-point without solidifying, but then 
solidifies suddenly. After a twelvemonth it still shows tjre 
same composition and the »time melting-poiflt _as it had when 
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freshly prepared. Weber accordingly rejected the assumption 
of two different modifications, and ascribed the phenomena of 
this kind observed by others, especially the formation of the 
modification resembling asbestos, to a minute residue of water. 
So much' seems to be correct in Weber’s conclusions that the 
transition of the first to the second modification is promoted by 
a minute quantity of water. 

Oddo, in 1901 {Raid. Air. Lined \ 5], x. p. 207; Chein. Centr .., 
1901, ii. p. 969), definitely proved the existence of two modifica¬ 
tions by cryoscopic estimation of the molecular weights. The 
compound ntclting at 13 -8 is the real sulphur trioxide, SO :i ; 
the fibrous compound, which docs not melt unchanged, but at 
50° slowly, and at too quickly changes into SO.,, is disulphuric 
anhydride, S., 0 ,, SO., instantly burns organic tissues and causes 
deep wounds; S.,O c is mucji less active and can be touched with 
the hand. SO., dissolves at once in II,SO,; S 2 O u but slowly, 
Oddo gives the structural formula of > 

()- O ,0 O . 

.SO,: S.(); of S,0,.: p. V .S< 

O i)d ' (V Nn 

Schenck {Licb. Ann., cccxvi. p. 1) regards the liquid modifica¬ 
tion as a solution of the asbestos-like polymer in real SO., in a 
sta'te of unstable equilibrium. 

The heat of formation of 1 mol. of SO, ( = 80-06 parts by 
weight) from S and O, is =.,103,230 cals. (Thomsen); from 
SO., + () = 34,409 cals, in the solid state, or = 22,600 cals, in 
the gaseous statfe (Berthelot). The heat of vaporising 1 mol. 
SO, is = 11,800 cals, jf.'that produced by dissolving 1 mol. SO, 
in a lafge quantity of water = 39,1^0 cals. (Thomsen). 

In moist air sulphuric; anhydride at once forms dense white 
fumes; with water it hisses like red-hot iron. Many organic 
substances are at once charred by it. In the complete absence 
of water it does not redden litmus. It gives several compounds 
with sulphur, whose colour, with the quantity Af sulphur decreas¬ 
ing, changes frorrt brown to green and,blue. In the blue modi¬ 
fication Weber 'has proved the presence of the sesquioxide, 
S 2 O s . With sulphur dioxfdc it seems'to form a distinct com¬ 
pound, SO,,4-2SO,|. With water SO, at once combines to 
form sulphuric actid (S 0 4 IL) and i<s different hydrates. It is, 
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however, not easy to completely condense the salphuric »nhy- 
dride often produced in considerable quantjty in technical 
processes, tven with a large quantity of water and manifold 
contact, and special precautions have to Hb taken far this 
purpose. 

The anhydride SO,, when conducted through a red-hot tube, 
splits up<into SO, and O, but is rc-forned from these gases at 
a somewhat lower temperature, especially 'in the presence of 
platinum and several metallic oxides. The technical applica¬ 
tion of this reaction is described in Chapter XI. Briner and 
Wroszynski ('Comptes rend., cxlviii. p. 15.18; Chcm.JL'aitr., 1909, 
ii. p. 255) obtained SO, by the reaction of NO on SO,,, with 
formation of elementary nitrogen. 

For scientific purposes sulphuric anhydride is made by gently 
heating fuming oil of vitriol, or by.igniting sodium pyrosulphale 
£Na 2 S 2 0 7 ). It^r production in a perfectly pure state is described 
by WeLcr {loc. cit.). Formerly it was ijot used for technical 
purposes, owing partly td the costliness of its production, partly 
to the supposed difficulty of handling and keeping i,t. Recently, 
however, its production has been made so much ihcaper that 
certain branches of manufacture already employ it advantage¬ 
ously. Its application has turned out to be a very simple affair, 
as it can be sent out in drums made of tinned iron. Its handling 
is certainly unpleasant, since the contact of the skin with liquid 
anhydride, or even just liquefying by absorbing moisture, causes • 
very malignant and slow-curing burns. Its production on a 
manufacturing scale will be described in Chapter XI. 


l’vkosBU'iuiRic Arm, •S./Ojl. 


Structural formula-: SO.,—Oil 

A * “ 



SO.,—OH 


contains the’ elements of 80.89 parts of sulphuric anhydride and 
to-11 of water, or equal, molecules of hydrate and anhydride. 
A transparent crystalline mess, melting.at 35 c ’dC., it decomposes 
at moderate heat into anhydride (SC^) and oil of vitriol (SOJF). 

I’yrosulphuric acid is contained in the Nordhausen fuming 
acid of trade, which often, consists altogether of it, and thtn 
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heart the trade name “solid <?leum.” I’yrosulphuric acid can 
also be easily obtained from the ordinary liquid fuming Nord- 
hausen acid by cooling below o'. Lastly, it can be made by 
carefully mixing’sulphur trioxide with a small quantity of oil 
of vitriol. Whber (Joe. at.) obtained an intermediate hydrate, 
H^SOj, 3SO :1 , corresponding tq 94 69 per cent, of S 0 3 . 

Pyrosulphuric acid forms salts, of which those of the alkaline 
metals are the best known and most important. Sodium pyro- 
sulphate (S., 0 7 Na 2 ) is formed by fusing acid sodium sulphate 
(SO,NaII) at incipient red-heat. At a full red-heat it splits up 
further intojieutral sulphate (SO,Na,) and sulphuric anhydride 
(SO.,); this reaction is sometimes utilised for producing the 
latter compound. In contact with water, the pyrosulphates are 
gradually retransformed into acid sulphates. 

A compound with 14-44 per cent. IT ,0 can also be obtained, 
which crystallises in thin 'transparent prisms, fugles in the air, 
and melts at 26° C. (formula— 


SO,-OU 

'3H0O, )SO„ or O +2.SO,( 
SO,- OH 


.Oil 


on 


Nordhausen or fuming oil of vitriol, the manufacture ot 
which will be described in Chapter XI., is a viscous oil, 
representing a mixturq of pyrosulphuric acid or sulphur tri¬ 
oxide with sulphuric hydratq in varying proportions, and 
therefore solidifying at very different temperatures. It fumes 
In the air, anj^gives but vapours of anhydride, whilst mono¬ 
hydrate remainsxbehntd. Water transforms it at once into 
ordinary sulphuric acid, with strong Evolution of heat. It is 
often coloured brown by qrganic substances, ar.d, according 
to its mode of preparation 1 , contains many other impurities, 
such as iron, sodium, calcium, aluminium, etc. (as sulphates), 
sulphurous acid, selenium, etc. When the receivers used in its 
preparation are charged with ordinary strong aaid, tl’/e impurities 
of the latter will Wltewise pass into the fuming acid. 

The subjoined tables refer to. the mixtures q( SO., and 
H 2 SO :j , comprised under the designation of fuming oil of vitriol 
(abridged O.V.), even when they consist mostly of SO., and are 
sdlid at the ordinary temperatures. 
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Melting-points of fuming ’O.V. — Knietsch' (/><■;-, fpoi, 
p. 4100) gives the following table of the fusing-points of fuming 
sulphuric 4lid (if. also under “Sulphuric Acid” below):— > 


Per cent. 

SO,. 

Melting-point 

c 

Pei rent 
so... 

• 

• 

Molting point 

C. 

• 




0 

+ 10-0 

55 

+ 18*4 

5 

+ 3-5 

60 

+ 0-7 

10 

- 4.8 

65 

-f 0-8 

'5 

- 11.2 

70 

I o-o 

20 

— 11 -0 

75 

1 17-2 

2$ 

o-6 

so. 

, 1 22-0 

30 

1 I 5'2 

85 

1 33 ’ 0 ( 27 -o) t 

35 

4 2fi-0 

90 

1 340 ( 27 - 7 ) 

40 

i 33 -* 

S >5 

H- lb-0 (26*0) 

45 

+ 34-8 

100 

1 400(17-7) 

50 

1 48-j ! 

_ i 




' Tlio numbers in buckets denote the I’ummr-poniU of fresh, in.I yet polymerised 
acida. # 


The boiling-points of Turning O.V. arc stated by Knietsch 
(lor. at., p. 4110) as follows :— 


SOj total 

SUj fret) 

Uuilinf'-pulnl. 

Barometric 

per rout 

per cent 

C. 

pressure, nun. 

S2.3 

3-64 

212 

759 

« 3-4 

9-63 

170 

759 

87.45 

26-23 

125 

759 

« 9 -S 

42-84 

92 • 

759 

93-24 

63-20 

. 60 

759 

99-5 

97-2 

43 

• 759 


The vapour-pressures of various desorptions of fuming 
O.V. are given in the same place; of. also the curved infra, 
P- 291- * . . 

Specific Gravities of Fuming O.V. —Cl. Winkler gives the 
following table of the specific gravities of fuming sulphuric acid 
at 20° C.;»but it should be remarked that he worked only with 
“ commercial’ acid?’ made by the old process, «yid thkt conse¬ 
quently all the densities found are sensibly lfgher than those 
belonging to pure acicls; nor is it a matter of surprise that the 
values found by Mcssci* with another description of “com¬ 
mercial acid ” (see below) do not entirely agree with WinkleCs 
table, 
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-^ 

- 1 - 

' 

-•'- 




Specific 

Percentage of 

Percentage of 

Percentage of 

gravity 
at 20 ’ C. 

4 

_*_ . 






S 0 ;i 

A 

H»0. 

so... 

Acid of 

00 1). 

Fiee HOJ^ 

IT2SO4. 

1 '860 

8*.-84 

18-16 

26-45 

73-55 

i -54 

98.46 

1.865- 

82-12 

17-88 

27-57 

72-43 

2-66 

97-34 

I-870 

82-41 

17-59 

48-76 

71-24 

4-28 

95-76 

1-875 

82-63 

' 7 i 37 

= 9-95 

70-05 

5-44 

r 94-56 

1-880 

82-81 . 

17-19 

30-38 

69.62 

6^2 

93 - 5 x 

1-885 

82-97 

17-03 

31-03 

68-97 

7.29 

9271 

1 -890 

83-13 

16-87 

31-67 

68-23 

8-16 

91-84 

1-895 

83-43 

16-66 

32-52 

67.48 

9-34 

90-66 

1.900 

83-48 

16.52 

33-09 

66-91 

10-07 

89-93 

1-905 

. S 3-57 

16-4 3 

33-46 

66-54 

10-56 

89-44 

I .910 

8 . 1-73 

16-27 

34 *io 

65.91 

n -43 

88-57 

1-915 

84-08 

15-92 

35-52 

64-48 

13-33 

86-67 

1*920 

84-56 

15-44 

37-27 

62-73 

15-95 

84-05 

1-925 

85-06 

1 4 - 9-1 

39-49 

6O.5I 

18-67 

81-33 

1.930 

85-57 

14-43 

41-56 

5«-44 

21-34 

78-66 

1-935 

86-23 

' 3-77 

44-23 

55-77 

25-65 

74-35 

1-940 

86-78 

1 3-22 

.46-46 

53-54 

28-03 

71-97 

1-945 

87-13 

12-87 

47-88 

52-12 

2 f -94 

70-06 

1-950 

87-41 

12-59 

49-01 

50-99 

'50-02 

31-46 

• 68-54 " 

1-955 

87.65 

12-35 

49.98 

32-77 

67.23 

l .96O 

88-22 

11-78 

52-29 

■47-71 

35-87 

64-13 

1.965 

88.93 

ii-o8 

55-13 

44-87 

39-68 

60.32 

1-970 t 

,* 89-83 

10*17 

58-81 

41.19 

44-64 

55-36 


Mussel (/. Soc. Chan, hid., 1S85, p. 573) gives the following 
specific gravities of commercial Nordhausen acids, both at 
26°-6 C., as determined by himself, and calculated for r 5"'-5 C. 


« 


Specific gravities. 

Specimens. , 

1 • . 

Percentage of 
Hi )j. 

At SO” F. 
(-20 6 0) 

Calculated 
for 60 “ F. 

%, « 


<=19 'SC) 





Liquid .. 

-8-3 • 

■ 1-842 

1-852 

M ..... . 

30-9 

I.930 

1-940 

Crystalline mass, resembling nitre. 

, 4°*o 

1-956 • 

1-970 

>. » * -i 

44-5 

1-961 

1-975 

•« » 

46-2 

1-963 

'•977 

Liquid. 

59-4 

1-980 

1-994 

60*8 

1-992 

2-006 

it • • • • 

65-0 

1-992 

• 2-006 

}J • , 

69-4 

2 -C 82 * 

2-016 

Crystallised . * # 

72-8 

1-984 

1-988 

11 ..... 

8o-o < 

. 1-959 

1-973 

11 • • 

82-8 

1-953 

.. I-967 

-. . V 

_• 




Knietsch {her., 1901, p. 4101) gives the following tables for 
commercial fuming (IV., made by\he contact process:— 
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t 

Specific Gravities at 15" and 45° C. 


I1...S04 

Total 80., 
per cent. 

Fxee HO... 

Hpi cilie gravity 
at 16” C * 

Specific gravity 
at 45” 0. 

per cent. 

per cent. 

95*98 

78*35 


1-8418 

• 

’ <j6*68 

78-92 

• 

1-8429 


96*99 • 

79*18 


•1-8431 


97-66 

79.72 


1-8434 max. 


98-65 

80-53 


1-8403 


99-40 

81-14 


1-8388 rain. 


99*76 

81.44 


1-8418 


100-00 

81.63 

0-0 

1-8500 

1-822 


83.46 

10-0 

/-888 

. 1-858 


85.30 

20-0 

1-920 

1-887 


• 87*M 

30-0 

1*957 

1-920 


88-97 

.|0 0 

. 1*979 

1*945 


90-81 

50-0 

2-009 

I -964 m ix. 


92*65 

60 0 

2-020 nux. 

1*959 


94*4*8 

70-0 

2-018 

I 942 


96-32 

8o-o * 

2-008 

I-890 


* 98-16 

yoo 

r-yoo 

I-864 


100-00 

, 100-0 

I*f4 

1-814 


Specific Gravities aj binning (\]\ at 31 


Total So 

Free S<) 

Specilie 

Total S< 1 . 

Fi ee Si), 

Speeific 

per cent 

per emit 

gravity. 

per cent. 

per cent. 

gravity. 

81-63 

0 

I-8I86 

91-18 

52 

1-9749 

81-94 

2 

1-8:70 

91*55 

54 

I.9760» 

82-36 

4 

1-8360 

91-91 

56 

1-9772 

82*73 

6 

1-8425 

92-28 • 

58 

1*9754 

83*09 

8 

1-8.198 

92-65 

60 

1*9738 

83*46 

10 

1*8565 

93*02 

. 62 

1-9709 

83*82 

12 

1*8627 

93-38 

.64 

1-9672 

84-20 

14 

1 -8692 

93-75 ' 

66 „ 

1.9636 

84*56 

l6 

1-8756 - 

94*n . 

MS* 

1-9600 

84.92 

18 

1-8830 

91*48 , 

70 

1-9564 

85*30 

20 

f-8919 • 

94*85 

72 

±*J$02 

85-66 

22 

1-9029 

95*21 

74 

1-9442 

86-03 

* 24 

1-9092 

95*58. 

76 

1*9379 

86-40 

26 

1-9158 

$5*95 

78 

1*9315 

86.76 

28 

1-9220 

96-32 

80 

I-92CI 

87-14 

30 

1-9280 

96-69 

82 

1*9183 

87-50 

32 

1-9338 

97*05 

84 

1*9115 

87.87 * 

• 34 

1*9405 

97*45 

86 

1 *9046 

88-24 

* 36* 

1*9474 

97*78 

88 

* 1-8980 

88-60 

38 

1*9534 

98-16 

• 9*0 

1-8888 

88-97 

40 

1*81584 

98-53 

92 

i-88oo 

89*33 

42 

1-9612 

98-90 , 

*>4 

1-8712 

89-70 

44 

V9643 

99-c6 

96 

1-8605 

90-07 

46 

1.9672 

99-63 

98 

1-8488 

90-44 

48 

I -9702 

100-00 

100 

1-8370 

90-81 

50 

1*9733 

JL_ 


• 

• 
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i.he weighings were made at 15°, referred to water of 15°, 
with brass weights without reduction to a vacuum. 1 The 
temperatures to which they refer are 35 n and 45", for fuming 
O.V., and 15 for this and the strongest ordinary acids. 

The curves (p. 290) show a maximum for ordinary acid 
slightly below the percentage of monohydrate (II,SO,); fou» 
fuming acids the maximum is at 60 per cent, free SO,, at 
i5"C„ at 56 per cent. SO., at 35° C., at 50 per cent. SO., at 
45 ° C. 

The specific heals were found by Knietsch as follows (those 
marked * were directly observed) :— 


Total so 

Free SO. 

Speriiic 

Total SO. 

Flee SO 


per cent. 

per cent. 

heat. 

per cent. 

per cent. 

heat. 

1 76-8 


0-3691/ 

91 

51-0 

o- 37 o 

78-4 


0 - 3574 * 

92 

5 <H 5 

0*|00 



0-350 

93 

61-89 

0-425 ' 

800 

‘ 

0 - 3574 * 

93-3 

63-5 

0-4325* 

81.5 


0-3478’ 

94 

67-34 

o -455 

82 

2-0 

0-345 

94-64 

70*6 

0 - 4730 * 

83-46 , 

* 10-0 

0-3417* 

95 

72-78 

o -495 

84 

12-89 

0-340 1 

96 

78-23 

0-535 

85-48 

20-95 

0-3391* 

96-52 

8 i*o 

0-5598* 

86 

23-78 

0-340 

97 

83.67 

0-590 

87-13 

29-74 

0-3392* 

97-92 

88-6 

0-6526* 

88 

34-67 

0-350 

99 

89-I2 

0-650 

88-75 

38-75 

0-3198* 

99 

94-56 

0-710 

- 90 

45-56 

0-360 

99.8 

98-9 

0-7413* 


46-1 

0 - 3599 * 

100 

100-0 

0-770 

90-73 

49-4 

t 0-3660* 

— ( 




The heats of solution were observed by Knietsch both by 
means of a calorimeter, and on a large scale. Those referring 
to fuining O.V. are giVen here, those of ordinary sulphuric acid 
under that heading. 

1 The values for adds of 100 per cent. H 2 SO, and below do not quite 
agree with those found by Lunge and Naef(r/. later on), which could not be 
otherwise, as the latter worked with pure acids and referrcd < their figures to 
water of 4 C, and to the vacuum. The only essential tfeviation is that 
Knietsch does not,,'ike the authors mentioned, as well as Kohlrausrh and 
■Schertel, find the minimum spe. ifir gravity'at 100 per cent. If.,SO,, but at 
99-40 per cent. ' • 
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— v - 

r - 

S( >,(total 

HO.t free 

Calories. 

lleat of solution 

per cent 

per cent. 

of bolyl O.V. j 

' 82 

2-0 

199 

$ 

83 

7-5 

210 


84 

12-y 

223-5 


85 

18-3 

237-5 


86 

= 3-5 

•250 


• 87 

29*2 

265 • 


88 

34-7 

278 



401 

292 


y° 

45-6 

30s 

2*86 

yi 

51-0 

325 

304 

92 

56-4 

314 

322 1 

<J 3 

61-9 

3<>3 

310 , 

9 -t 

67.3 

3 »i 

3 f '0 

95 

72-8 

401 

3S0 

96 

78-3 

421 , 

402 

97 

83-7 

442 

423 

9« 

Sy-i 

465 

442 

99 

94 # 

490 

4 ! >3 

too 

100*0 

5*15 • 

,86 

* 





Knietsch {he. lit) gives also tables of the tfectrkal lesistancc , 
the velocity of outflow (viscosity), and the capillary i tying ol sul¬ 
phuric acids and O.V. from o per cent, to too per‘cent. SO.,; 
the results arc exhibited in the curves, infra, p. 291. 

The action of fuming O.V. on iron (cast iron, wrought iron, 
and steel) will be mentioned later on, together with that of 
ordinary acids. » 

The analysis of fuming sulphuric acid is described after that 
of ordinary acid. 


Sulphuric Acm, II,S0 4 . 

Natural occurrence. — Free sulphuric,auid is found very 
exceptionally in nature, whilst some sulphates, especially that 
of calcium, occ*ur in enormous quantities. 

In the free state sulphuric acid has been found especially in a 
few springs of volcanic origin, and in the rivers fed by those 
springs. Ong of the best known cases of this kind is the Rio 
Vinagre in M'exictf, which contains oil 1 percent free sulphuric 
acid (calculated as SO.,), ajtd 0-091 per cent, free HC 1 ; it daily 
carries into-*he sea 38 tons, according to.others*even 69 tons of 
both acids. Many other similar instances have been discovered 
in various parts of the world {cf. the first edition of this workj 
I. p. 17). Other cases again/iccur from the oxitiation of sulphur 
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orel, the acids being expelled' by heat from the sulphates gener¬ 
ated at first. . 

Miners are only too familiar with the occurrence.of free acid 
in pit-vvatcr.s from similar causes, by the corrosion of metal 
pumps and steam-boilers ; even the leather of the valves thereby 
becomes brittle and the wooden parts are charred. In the cas^ 
of volcanoes, sulphuric acid is formed by the oxidation of the 
sulphuretted hydrogen and the sulphur dioxide from the fuma- 
roles and solfataras. 

Even in the animal kingdom free sulphuric acid has been 
found, vizoin the salivary glands of several mollusks, especially 
of Dolinm galea, which contain 2-47 per cent, free sulphuric 
acid and 04 per cent.-.free hydrochloric acid (Boedeker and 
Troschel; De Luca and Panceri). 


Properties of 1 'itre “ ^ronokydrated" Sulphuric Acid, 1 LSO,. 

The proper sulphuric hydrate, commonly known as mono- 
hydrated sulphuric acid, has the rational formula, 


scr¬ 


oll 

OH 


and may be considered as containing 81-63 per cent. SO., and 
1S■ 37 per cent, water, it is a limpid, colourless, oily liquid. 
Its sp. gr. at o° is 1-853; at 15 0 (compared with water of 4"): 
1-8384 (Lunge and Nnef), 1-8378 (Schertel), 1-8372 (Marignac, 
F. Kohlrausch, MendelejefQ.f The specific gravity changes to 
the extent of +6 001 for each degree Centigrade. Both the 
addition of w?ty little S0 3 and that of very little water raises 
the specific gravity/sc^e below). The puye monohydrate solidifies 
at abffut o and forms large, plate-shaped crystals which melt at 
+ 1 o'-5 ; they remain liquid a good deal below thUt temperature, 
but solidify on agitation, or even better when a fragment of the 
solid hydrate is introduced. The acid begins to boil at 290°, 
but the boiling-point rises up to 338° (Marignac). This shows 
that it does nqt distil unchanged ; in fact a rfiixture of hydrated 
acid, anhydride,"and water passes over (sec below). This dis¬ 
sociation begins much earlier; the pure monohydrate produces 
fumes by giving off S 0 3 , very slightly even at the ordinary 
summer temperature, distinctly at 30° or 40°. Accordingly it 
* Cf. Bert. Her , 1884, 1748, 2536, 2711. 
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cannot be obtained by boiling Sown or distilling lili.Je acid, 
but by adding an exactly sufficient quantity of anhydride to the 
strongest acid obtainable by concentration, or by cooling such 
acid below o° and several times recrystallising the monohydrate 
in the same way. The latter process has been made com¬ 
mercially available by myself fo{ the manufacture of mono- 
hydratic •♦sulphuric acid, which conseqftently is no longer a 
laboratory product, but has become an important article of 
commerce {cf. Chapter IX.). 

The vapour of sulphuric acid consists for the most part, or 
even entirely (according to the temperafUre), not of molecules 
of SO.,Ih, but. of isolated molecules of SO., and M., 0 ; theory 
would give to SO, I To (2 vols.) a vapour-density of 3-862, for 
separated molecules of SO., and ILO (4 vols.) a vapour-density 
of 1-6931, whilst Deville and Troqst at 440“ found it actually 
— [74. The dissociation is therefore as good as complete in 
the state of vapour; and this assumption agrees very well with 
our present notions concerning the state of vapour (Dittmar, 
Chcm. Nows, xx. p. 25S). • , 

Oddo and Anelli (Gaj'J. Chin/. llal. , lyn, p 552; Chcm. 
Zcit., 1911, p. 846) found the vapour-density of absolutely pure 
H.jSO., rather higher than calculated for this formula, which 
proves that some molecules of (H.,S 0 4 ) 3 arc present, as well as 
IT.jSO,, SO,,, and H.,0. In solutions they assume the sulphufic 
acid to be always present as the dimeric siolecule ( 1 I 2 S 0 ,),, but 
nitric acid as the simple molecule* H NO... 

Further detailed investigations on the properties of absolutely _ 
pure Il r SO, have been made by Lichty (j. Amu* C'hem. Soc., 
1908, xxx. pp. 1834-184^), and by Ilantzs*;!^^. physik. Chan., 
1907, lxi. pp. 257-312; Chcm. Zcit,, 1908, i. pp. 1240-124?). 

Formation 'of Sulphuric viaW.-*It Jias been asserted that 
sulphuric acid is formed in damp flowers of sulphur, even at the 
ordinary temperature; this is certainly the case on heating 
sulphur with, water at 200” C., or by applying the electric 
current. Sulphuf is easily oxidised to sulfuric acid by 
chlorine, hypochiorous acul, nitric acid, aqua regia, etc. It is 
produced, together with sulphurous acid and sulphur, from tri-, 
tetra-, and pe itathionic acids — from the former by merely 
heating, from all three by the action of chlorine or bromine, ot; 
even on the prolonged actic^I of stronger, acids, which set the 
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thid.iic; acids'free; also the thiosulphates yield sulphuric acid 
under the action of chlorine. All these decompositions have to 
be kept in view in manufacturing-processes. 

Mostly sulphuric acid is produced from sulphur dioxide. 
The aqueous'solution of the latter is gradually transformed into 
sulphuric acid by the action of the air alone, and it is so trans^. 
formed at once by chlorine, bromine, iodine, hypochlorous acid, 
nitric acid, and several metallic salts, such as manganic sulphate, 
mercurous nitrate, etc. Sulphur dioxide and oxygen conducted 
through a red-hot tube containing platinum, platinised asbestos, 
ferric oxide, and a number of other substances, yield sulphuric 
anhydride, or in the presence of water sulphuric acid. This 
reaction, which was formerly only of scientific interest, has 
become of the greatest technical importance and is, according 
to some opinions, destined to supersede the formerly universal, 
and, up to this, most general process of making sulphuric acid 
from sulphur dioxide, air, and water by means of nitrogen 
oxides as oxygen carriers. All this will be explained in detail 
later on. 

The action of light on the formation of S 0 3 from S(X and O 
has been studied by Coehn and Becker (Z. phy.dk. Chan., 1909, 
lxx. pp. 88-115). 

The heat of formation of 98 parts S 0 4 H„ is 


L 

Liquid. 

lit diluted solutions. 

From SO.,, ( U, II .,0 
„ S,D„H .,0 . 

54,400 

72,000 ealoneb 

124,000 

141,000 „ 

s, O,, lip. 

193,000 

210,000 „ 


Tlv heat of neutralisation of 1 mol. (98 parts) ILSCfjby 
2 mols. (80 parts) NaOIl in the presence of 400 irols. of water is 
given by Thomsen = 31,38c) cals. Bickering (/. Chau. Soc., 1S89, 
p. 323) states it onl}’ = 28,197 cals. 

< Sulphuric Add containing Water. 

Hydrates of Sulphuric Add. —A ],1 observers agree that the 
solutions of sulphuric acid contain different hydrates. The 
literature of this subject is very large; and we shall here quote 
only the most important facts ( cf. also Mendelejeff, supra , 
p. 286, and Pickering, p.‘ 289). sesquihydrate of sulphuric 
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acid cannot be established as a certain chemical tompound, but 
the double hydrate, S 0 4 H 2 + H 2 0 , is known with certainty. It 
crystallises'ffrom rather more dilute acid—for instance, a,cid of 
144 Tw. in the cold. It contains 84-48 monohydrate +15-52 
water (or 68-97 anhydride + 3103 water), melts at +8* C., but, 
(Owing to superfusion, generally only solidifies below this 
temperature (for instance, in the depth of winter); at 205' to 
2to" C. it already loses 1 mol. fLO and leaves ordinary oil of 
vitriol behind. The crystals form large, clear, hexagonal 
columns with six-pointed end-faces. Sp. gr. 178 to 179, liy 
the crystallisation of this hydrate carboys arc ofteil cracked in 
winter; acid of 144 0 Tw. and the like ought therefore only to be 
warehoused in places where the temperature will not sink too 
low, for instance below the acid-chambers. Stronger or weaker 
acid can be exposed to the cold of.wintcr without any danger. 

A third hydrate, S 0 4 H. + 2 H 2 0 , is assumed, because, on 
diluting strong vitriol with water down So this point (that is, 
corresponding to 73-13 per cent, monohydrate, or 5970 per 
cent, anhydride), the largest contraction, viz., from *109 vols. to 
92-14 vols., takes place. Bourgoin {Bull. Soc. Chim. [2], xii. 
p. 433) infers the same from observations on electrolysing dilute 
vitriol. The density of this mixture is variously stated by 
different observers:—by Graham at 1-6321 ; by Bineau, 1-665; 
by Kolb, 1-652; by Jacquclain, 1-6746. According to Liebig it 
boils at 163" to 170°; between 193 and* 199° it loses 1 mol. of 
water, and is changed into SO.TL-f li .,0 (Graham). 

Pickering {Chou. News, lx. p. 68) has obtained a hydrate of. 
the formula II.,SO,, 4ILO, containing 5^-66 per* cent, real sul¬ 
phuric acid. It fuses at —25’. liy a<VI+ftg a little water or 
sulphuric acid the fusing-poipt is at once lowered to —fo‘. 

Ordinary Concentrated Oil of l \tnal .— 1 he strongest oil of 
vitriol obtainable by boiling-down ordinary pure sulphuric acid 
contains a quantity of water which is not stated alike by 
different "observers (Marignac, Pfaundler, Roscoe, > Dittmar, 
Lunge and *Naef; etc.). The statements diffe.-* from 97-86 to 
98-99 per cent, of SQ 4 1 L»; it is at all events very nearly 98-3 
per cent. -This distilled sulphuric acid solidifies a little below 
0°; but it also shows the phenomenon of superfusion in a very 
high degree. It boils at 338” (Marignac), or 315" to 317° t- 
(Pfaundler and Polt). Usijilly Marign^c’s statement is con- 
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sidcitad as correct; the acid bf Pfaundler and Polt probably 
contained a little more water. The boiling takes place quietly 
under a stronger pressure than the ordinary one, but at a lower 
pressure with violent bumping, which can be avoided by putting 
in platiuum wire or scraps, according to Dittmar even better by 
conducting a slow current of air through it during the boiling- 
(see Chapter VI 11 ., Purification of Sulphuric Acid). '' 

This acid of 98-3 per cent. II 2 S 0 4 , distilling unchanged, 
possesses a number of other peculiarities, marking it out as 
representing a certain equilibrium, or so-called “critical con¬ 
centration." This comes out very well in a series of curves, 
illustrating the properties of sulphuric acid of various degrees of 
concentration, as given by Knietsch (Z>Yt., 1901, p. 4089), Fig. 
$1, p. 291. The course of boiling-points at that concentration 
(330 ) shows a sharp apex; below this, water or dilute sulphuric 
acid, above this, sulphuric anhydride is volatilised until in either 
case the constantly-boiling acid of 98-3 per cent, is reached. 
The vapour-tension at that critical concentration is = zero, 
measured at 100 in a vacuum; the specific gravity of hydrated 
acid here reaches its maximum, from which it descends in both 
directions; the electrical resistance at this point begins to in¬ 
crease suddenly towards a maximum reached at nearly 100 per 
cent. H 2 S 0 4 ; in connection with this the action upon iron 
decreases, which is of great importance for the durability of 
apparatus (if below). 

In Fig. 51, curve 1, marked-, shows the melting-points; 

curve 2,-- the specific gravities at 15",-at 35 ; 

curve 3, — * the specific heats; curve 4,., the heat of 

solution; curve 5,-a—i—0, the electric resistance at 25"; curve 

6, H-1—, the boiling-points; curve 7, -4-(-—, the vapour- 

tensions at 100 ; curve .8, - - --- —, the viscosities (times 

of outflow); curve 9,-, the capillarity; curve 10, -;-!-l-i-W-i-, 

the action upon iron. 

The following fact concerning a property of sulphuric acid 
containing about 98 per cent. I I.,SO, is of great importance in 
the manufacture of sulphuric acid from SO., by the contact 
process. Ktiiefsch found that the task of converting the S 0 3 
into hydrated acid cannot be accomplished by absorbing it in a 
series of vessels filled with water or dilute acid, although the 
heat ofdissolutioh in .this case is H a maximum; but acid of 












\A>\v Associated into ]-I.,SO' iW+SO, (r/; p . ^ but •[ 
the presence of very little writer (equal to gS percent. H,SU) 
the partial pres.Mire of SO., is at a minimum, and hence this 
acid has tJic maximum absorbing power for SO.,. Up to 
this point \\o free H., 0 'is present, but with greater dilution it is 
found. That these dilute acids are inferior solvents of SO,, 
is explained by the fact observed by Oddo (<■/.’ p. 278) that the 
true SO ,, melting at 14 , is easily dissolved in H a S 0 4 , but the 
polymer, S. 3 0 , ; , but slowly. Now the latter is formed from SO,, 
by the influence of minute quantities of water, and therefore 
also when SO. is passed into acids below 98 per cent. H 2 SO,. 

The ordinary " rectified oil of vitriol" always contains more 
water than the acid obtainable by the highest degree of concen¬ 
tration or distillation. Exceptionally 98 per cent, acid is made 
for commercial purposes; the usual rectified O.V., formerly called 
170'’Tw., now more accurately 168 Tw., varies in strength from 
96 down to 93 or even 92 per cent, of real monohydrate. This 
variation is partly caused by the fact that at the higher degrees 
of concentration a slight difference in specific gravity corre¬ 
sponds to a great difference in percentage ; partly by the fact 
■that the specific gravity of commercial acids, owing to the 
presence of impurities', is always higher than that of the pure 
acid; but, apart fro.;*.' this, the correctness of ordinary hydro¬ 
meters Is rarely of a very high order. Still, it must be conceded 
that in England at least there is a possibility of making the 
hydrometers all alike, the basis of Twaddell’s system being plain 
and unmistakable, since ever)- degree is equal to a difference 
of 0 005. But matters arc far worse on the Conf-inc'nt and in 
America, where-|iaurac’s hydrometer is almost universally used ; 
unfortunately the degrees of this instrument, as stated by 
various authorities, answer to very different specific gravities, 
and those of the instruments found in trade often show even 
far greater deviations. The only rational hydrometer on 
Baume’s systern which rests on a mathematical basis, and which 
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tH therefore be. always obtainable with a uniform scale is 
graduated according to the formula 

144-3 

144-3-"’ 


where d signifies any special density (specific gravity), ( fnd n the 
degree of the scale corresponding to it. ( The mathematical 

Com parison of BaumCs Hydrometers with the. Specific Gravities. 


j Degrees. j 

Rational 
Hydrometer, 
d 144-3 

"114 H n ,' 

Baume’s j 
Hydrometer 
j (Gerlach). 

1 

American 
Hydrometer. , 

i 

UJ 

a 

Rational 

Hydrometer, 

. _ .Hd8 

144 :i "„ * 

1 Ih 

1 Jh >.C 

1 s “ 

C 4 
as “ 

c e ! 

a; 0 ; 

•«£ ! 

fri 1 

1 

1 

2 

3 

4 

1-007 

D014 

1-022 

1-029 

I -0068 
1-0138 

1 0208 

1 -0280 

1-005 

I-011 
1-023 
1-029 

3 <> 

37 

38 

39 

• 1-332 
1-345 
1-357 
1-370 

1-3250 

1-3370 

1-3194 

1-3619 

t *?34 j 
1*342 1 
1-359 
1*368 

5 

• 

1-037 

1-0353 

1-036 

40 

1-383 

1-3746 

1-381. 1 

6 

*•045 

1-0426 

.1-043 

41 

1 - 31*7 

1-3876 

1-395 

7 

8 

9 

1-052 

1^)60 

1-067 

1-0501 

1-0576 

1-0653 

1-050 

1-057 

1 -064 

42 

43 
, 44 

1-410 

1-424 

1-438 

| 1*1009 
I- 4 I 43 
; 14-81. 

I- 4 I 3 

1 22 
I- 44 I 

10 

i *075 

I- 073 I 

1-071 

•15 

1-453 

1 '-ft 2 1 

1-451 

11 

1-083 

I-o8io 

I -oS6 

46 

1-468 

1-4564 

1-470 

12 

1 *091 

1 oS'jo 

1-093 

47 

I -483 

1-4710 

1-480 

U 

1*100 

1-0972 

l-IOO 

4-3 

1 - 49-8 

I D4860 

1-500 

‘4 

i -108 

1-1054 

1-107 

49 

[-514 

1*5012 

1-510 

15 

1 *i 16 

1-1138 

r-114 

50 

1-530 

1*5167 

‘■511 

16 

'•125 

i-i 224 

I -I 22 

51 

1*540 

1-5325 

i- 54 i 1 

17 

1*134 

1-1310 

M36 

57 

1-563 

1-5487 

1-561 

IS 

1-142 

M 39 s 

1-143 

*53 

1-580 

1-5652 

1-573 | 

19 

1-152 

1-1487 

I-IjO 

54 

'■ 59 ; * 

1.5820 

1-594 

20 

1-162 

1-1578 

1-158 

55 

1-61 5 

i'iP 93 

I -616 

21 

22 

1-171 

1-180 

1-1670 

1-1763 

1-172 
♦ M 79 

56 

57 

i¥ 

• 

1.6169 

'•6349 

1-627 
. 1-650 

23 

1-190 

1-1858 

I-I86 

58 

1 -671 

1-6533 ‘ 

i-66i 

24 

1-200 

1-1955 

1-201* 

59 . 

r 691 

1-6721 

1.683 

25 

I-210 

1-2053 

1-208 

bo' 

*1-711 

1-6914 

1-705 

26 

1-220 

1-2153 

1 -216 

61 

1-732 

1-7111 

1-727 

27 

1*231 

1-2254 

1-231 

62 

1-753 

I- 73 I 3 

1-747 

28 

I- 2 AI 
_ „ J • 

1-2357 

1-238 

f >3 

1-774 

1-7520 

1-767 

2y 

1-252 • 

1 *8462 

1-254 

64 

1-796 

1-7731 * 

1-793 

30 

1-263 

1-2569 

1 -262 

f >5 

1-819 

•1-7948 

1-814 

31 

1-274 . 

1-2677 * 

• 

1-2614 

66 

1-842 

• 1-8171 

i -»35 

32 

I- 28 J 

1-2788 

i-28 5 


. • 

33 

1-297 

1-2901 

1-293 


1 



34 

1-308 

1-3015 

1-309 





35 

1-320 

1-3131 

1-317 


i 

! 



«J 
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Comparison between the Degrees of Twadi/el/’s Hydrometer 
and Specific Gravities. 


Degrees,! Specific 
Tw. gravity. 

j Degrees 
1 Tw. 

, Specific 
gravity. 

Degrees, 

Tw. 

Specific 

gravity. 

Degrees, 

Tw. 

Specific 

gravity. 

I 

1-005 

44 

1-220 

s? 

1-435 

130 

. 1-650 



■*5 

1*225 

88 

1-440 

I 31 

1 1-655 

3 

I-015 

46 

1*230 

89 

'•445 

132 

j 1 -66o 

4 

1*020 

47 

'■235 

1 90 

1-450 

133 

! I-66 S 

5 


1 48 

I-240 

! 91 

1-455 

134 

1-670 

6 

7 

| I-O.^O 

‘ 49 

‘ 1-245 

92 

1-460 

135 

1-675 

1-035 

j 50 

1-250 

93 

1-465 

136 

1-680 


1-040 

51 

1 '255 

j 94 

1-470 

137 

1-685 

9 

1 '045 

52 

I *260 

95 

'■475 

13s 

1-690 


I-050 

53 

V265 

96 

’ 

1-480 

139 

1-695 

11 

i-c >55 

51 

I-270 

97 

i -|85 

140 

1-700 


I *060 

55 

1-275. 

98 

1*490 

I4I 

1-705 

13 

1-065 

56 

I-2SO 

99 

1-495 

i- M2 

1-710 

14 

1-070 

57 

1-285 

100 

1*500 

143 

I* 7 i 5 ~ 

15 

1-075 

58 a 

I-290 

lot 

1-505 

144 

1-720 

l6 

i-o8o 

59 

1.295 

102 

1*510 

145 

1*725 

i* 73 o 

17 

,1-085 

60 

1-300 

103 

1-515 

146 


I-090 

61 

1-305 

104 

1*520 

147 

1*735 

iy 

1-095 

62 

1*310 

105 

1-525 

148 

I * 74 ° 


1*100 

63 

1*315 

106 

1-530 

'49 

1-7 45 

21 

1*105 

64 

1*320 

107 

1-535 

ISO 

i* 75 o 


1*1 10 


'■325 

108 

1-540 

■S' 

i *755 


1*115 

66 

'■330 

109 

1-545 

I 5 2 

1-760 

24 

1*120 

67 

1-335 

110 

1 - 55 ° 

153 

1-765 

25 

I-I25 

68 

9 I* 3}0 

111 

1-555 

154 

1.770 

26 

I-I 30 

r« 9 

1-345 

112 

1-560 

155 

i *775 

27 

28 

'•'35 

70 

i- 35 o 

113 

1-565 

156 

1 *7 So 

i-M*? ! 

71 

'■355 

1 I4 

i* 57 o 

'57 

1-785 

29 

'•'45 'j 

7 2 

1.360 

H 5 

'•575 

'58 

1-790 

30 

1-150 

73 — 

1-365 

116 

'■ 58 o 

159 

'-795 

31 

'■'55 

74 

1*370 ! 

T I 7 

1-585 

l60 

i-8oo 

32 

I-I 60 

75 

, 1 - 37 * 1 

118 

1-590 

161 

1-805 

33 

1-165 

76 

1 -380 

119 

1-595 

162 

I-Sio 

34 

I-I 70 

77 

1-385 

120 | 

i*6oo 

163 

1-815 

35 

'■'75 

7 » 

1-390 i 

121 j 

1 -605 

I64 

1*820 

36 

Mfio 

79 

1-395 

122 

i-6io 

4 I65' 

1-825 

37 

1-185 , 

80 

1*400 

123 

1-615 

166 

1-830 

38 

I -190 

• Si 

'• 4 °s 

124 

I *620 

167 

1-835 

39 

I-I 95 

82 

1*410 

125*- 

4-625 

168 

1-840 

40 

1*200 

83 

1-415 ; 

i 2 (i 

1-630 

169 

1-845 

41 

42 

43 

1.205 

1*210 

1*215 

84 

85 

86 

1-420 

1.425 

1 - 43 ° 

127 

128 

T29 

_t*_ 

1-635 

1-640 

1-645 

170 

1-850 
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deduction of this formula is given in the first ^edition ctf this 
work, pp. 20 and 21.) Tliis scale is now also generally accepted 
in Germany and France. It is the only one in which the 
degree 66, which is that everywhere acceptcd*for rectified O.V., 
comes near the real specific gravity of pure sulphuric acid of 
96 per cent., or commercial acid of 94 to 95 per cent., namely 
1-840. JiJnfortunately, apart from Vaiious other scales, Ger- 
lach’s scale is also sometimes used, although this is far lower 
than the “rational” scale, and, to make the confusion still 
greater, the American manufacturers have adopted again 
another scale, based on the formula • 


In order to clear the way as far as possible, we give herewith 
tables (pp. 29^ 294) showing the value of a dcgiee Ran me, accord¬ 
ing to t‘he rational scale, to Gerlach’s, ami to the American scale 
(the last is copied from A. 11 Elliott, Chew. Trade J., ii. p. 1S3). 

The*perccntage of mix!tars of sulphuric acid and under is in 
the great majority of cases tested by the hydrometer*only, and 
many tables have been constructed for this purpose. It would 
be very desirable, as I fasenclever points out ( Hofmann's Report, 
i. p. 181), if all sulphuric-acid makers used the same reduction- 
tabhs for their calculations; for in the statements on thcjdeld 
of acid, and in many other cases, frequently different tables are 
used; so that the working results of different factories are not 
always comparable with each other. This *ven clearly appears 
from the following comparative table 





•l’em 

ulami "t SO1H0 in aoi-ordiii;; l.<> 


Degrees 

Spec. 







__ 











(Hamm). 

(Kolb) 

► Vauipie- 
lm. 

D'Areet. 

Tables used at. di lie rent 
• fact?! lies. 

Him-au. 

Kolb. 

10 

1-075 

n -73 


n -5 

11 -40 


10-98 

II-O 

io-8 

20 

I.-I &2 

24-01 


23-3 

23-46 


21-97 

22-4 

22-2 

30 

1-263,* 

3 f >-« 

... 

36-9 

36-60 


35-93 

3^*9 

34-7 

40 

1-383 

50-41 


51-6 

51- 4 'j 


49 * 9-1 

38 *f 

-| 8-3 

50 

t -530 

66-54 

66-45 

66-9 

66*17 

63-8 

o 3-92 

62.7 

62-5 

60 

i-7U 

84-22 

• 82-3} 

, 83-3 

82-So 

79-4 

79-90 

78-0 

78-1 

66 

1-842 

100-00 

100-00 

100-0 

100-00 

.94 -o 

97 - 8 ? 

100-0 

100-0 



« 


■ 






The totally incorrect tables of Vauquelin and 1 )'A reel are. 
used hardly anywhere except in the south o(*France. 
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We shall here not take any notice of those old tables, nor of 
those of Ure, Dalton, etc., and we refer to our first edition as to 
the more modern and reliable tables of Bineau and Kolb. In 
this place we giv : only a table (pp. 296-301) worked out from 
the most reliable results, viz., those of Lunge and Isler 
(. Z. angew. Chan., (890, p. 129) for the strengths up to 142° Tw., 
and also of Lunge and Naef ( Chan. Ind., 1883, p. 37).« 

The specific gravities were in each case estimated by Lunge 
and his co-operators at exactly 15“ C. and compared with water 
of 4", the weighings being reduced to the vacuum. Special notice 
should be taken of the fact that all older tables (including those 
of Bineau, Otto, and Kolb) are entirely wrong in the case of the 
acids of highest strength, since the maximum of specific gravity 
does not (as it is made to do in those tables) coincide with the 
greatest strength, that is, pure monohydrated sulphuric acid 
ILSOj. The maximum is at about 98-5 per rent., and from 
this point the specific gravities decline to loo per cent. 1 I„S 0 ,; 
above this point, that is when SOj is present, they instantly 
rise again, {Cf. Kohlrausch, Pogg. Annul. Erganranigsband, 
viii. p 675; Schertel,/. prakt. Chan. [2], xxvi. p. 24C ; Lunge 
and Naef, Chan. Ind., 1883, p. 37; and others.) 

Special attention should be drawn to the point that all 
tables indicate the specific gravities only for chemically pure 
acid?; the figures for commercial impure acids arc always 
higher ; we shall return to this subject further on. The accuracy 
of the above-given tables may be taken as ±0-05, so that the 
first decimal is right, but the second serves omy for determining 
"the first. 

A very extended study of the specific gravities of sulphuric- 
acid solutions has been published by Bickering (J. Chan. Sec., 
Ivii. pp. 64 el seq.). The reasons why I do not set any occasion 
for accepting Bickering’s figures in lieu of iny own arc stated in 
J. Sec. Chan. Ind., 1890, p. 1017. The table of A. Marshall 
{ibid., 1902, p. 1509) is founded on Bickering’s results. His 
method for estimating the strength of sulphuric acid solutions, 
ibid., p. 1511, cannot vie with the ordinary titration either in 
speed or accuracy. 

Perhaps the most elaborate investigation on the density 
and expansion of aqueous solutions of sulphuric acid, the 
formation of hydtates, etc., has been made by Domke and Bein, 
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on behalf of the Normaleiclnfligskommission at Berlin [Z. 
onorg- Chan , 1905, xliii. pp. 125-181). Ncatl^ all of their 
results sufficiently agree with those obtained by myself aqd my 
co-operators. > 

Worden and Motion (/. Soc. Chan, hid , 1905, fjp. 17S ft set/.) 
Jjave made very accurate determinations of the density of very 
dilute sulphuric acid, for the purpose 'of preparing standard 
solutions for volumetric purposes. Their work has no applica¬ 
tion for technical purposes. 

Ihe table elaborated by W. C. Ferguson [ibid, 1905, p, 790) 
deviates but slightly from that worked (jut by myself and my 
co-operators. • 

A paper by Mendclejeff [Z. physiJc. Chan., i. 273) on the 
specific gravities of the mixtures of sulphuric acid and water has 
only theoretical interest. 

t A correction Jor any deviation of 1 /he temperature from 15^ 

must be made, whenever.the acid tested by the hydrometer is 
above or # below that temperature. Bineau has given a small 
table for this purpose, which, however, is wrong for tjie more 
dilute acids. From a very large number of observations made 
in my laboratory, a table has been constructed showing the 
alterations to be made in the specific gravities observed for all 
strengths of acid, and for all temperatures from 0" to 100 , in 
•*^ler to reduce them to 15 C. This table is found in Lunge’s 
Tcchuiuil Chemists' Handbook [ 1910), pp. >126-129; in this place 
-ivc g ive only the average figure.*. For each degree above or 
below 15 you should add to or deduct train tin,: specific gravity 
observed :— 

00006 with acids up to 1 170' 

00007 wit ft acids from 1-170 to 1-450 

o-oooS ,, ' „ 1-450 ,, 1-580 

o-oooy „ „ *4-58(3 „ 1-750 

O-OOIO „ „ 1-750 „ 1-840 

Influence of Impurities on the Density of Aqueous Sulphuric 
Acid. —The specific’ gravities given in all the tables refer only to 
pure acid, and cannot b<| accepted as quiti correct for the 
ordinary acM of trade, which always contains infpurities. Kolb 
has examined into this matter, and has' determined the influence 
of the common impurities upon the density of sulphuric acid, 
viz., that of lead sulphate, of jhc oxygen cqmpotnds, of nitrogen, 
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and, of sulphurous acid. Arsenic, and perhaps iron, usually 
occur in too shall a quantity in sulphuric acid to influence its 
density; but certainly there may be cases, not mentioned by 
Kolb, in which ..ulphuric acid is strongly contaminated with 
salts of iron,' aluminium, sodium, etc. The iron, for instance, 
may come from pyrites-dust; aluminium from the packing cf 
the Glover tower, or 'from the fire-clay frequently'employed 
for stopping leaks ; sodium from solutions of nitrate or sul¬ 
phate of soda, which sometimes inadvertently get into the 
chambers. 

For saturated solutions of sulphurous add in sulphuric acid 
of varying density, Kolb (Hull Sol. I ml. Mulhotts'e, 1872, p. 224) 
gave a table' which has been proved to be incorrect by J. T. 
Dunn (Chan. News, xliii. p. 121, and xlv. p. 270). The latter 
has shown that Kolb's figures arc too low. fly passing a 
current of pure dry SO., through sulphuric acid'of sp. gr. I-8q 1, 
he found that this acid dissolves :— 


..T^ruporature. 

Volume at 7(>0 imilun 
presume. 

Spec. grav. of 
solution at temp, 
of experiment. 

' ('. 

Villi SO;, 


At u-i 

33 - 7 S 

1-823 

,, r 6-1 

28*86 


n * 7 -i 

2 . 3*1 [ 


„ 2()-9 

19*27 

1*822 

11 4 2 '° 

12*82 

1*821 

„ 50-9 

9-47 

1-818 

„ 62-3 

7*21 

I-8l6 

>t 84*2 

f *54 

1*809 


Dilute acids disst've the following quantities, at tempera¬ 
tures varying from 15" to 16", reduced to 760 mm. pressure:— 


Spec ftrav. nf 
sulphuric acid. 

Absorbs vols. 

HO.j. 

1*753 

20-83 

1*626 

25-17 

• 1-456 

29-87 

1-2 57 

30-52 

t -151 

31-82 

I *067 

j'4-08 


* (iivtyi in our secontl edition, p. 127. 
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In such quantities (up to saturation) sulphurous acid certainly 
never occurs in commercial vitriol; and it is ve;y rarely that 
more than traces of it are found therein, since it cannot coexist 
with the nitrogen oxides which arc most frequently found in 
commercial vitriol. Nitric acid is, if at all, only present in 
extremely small quantities in the sulphuric acid of trade, 
a^d thcr"/ore does not modify its density to a sensible 
extent; especially it will not be found in sulphuric acid of more 
than 144 0 Tw., except perhaps in the nitrous vitriol from the 
Gay-Lussac towers; but even this, according to my analyses 
(see below), under normal conditions contains mere traces of 
NO.,H. Nitri e oxide can also be neglected; neither concen¬ 
trated nor diluted sulphuric acid dissolves more than mere 
traces of it. Nitrous acid certainly has a very marked effect on 
the apparent percentage of a sulphuric acid, according to the 
hydromctrical test, although only in “ fiitrous vitriol ” such large 
proportions of nitrous acid occur as to influence the specific 
gravity of the sulphuric acid. 

Marshall (/. Sue. Chon. Inti , 1902, p. 1508) shows .that sul¬ 
phuric acid, recovered from the waste acid of nitrating processes, 
may contain notable quantities of nitric acid , which make the 
specific gravity of strong sulphuric acid appear higher than 
normal. Mixtures of both acids up to 7- 5 per cent. IIN 0 3 
^trowed an increase of sp. gr. up to 1-862; from that onwefrds 
the specific gravities decrease. Further 1 experiments showed 
that an additional o-i per cent, of various sulphates raises the 
specific gravity of strong sulphuric acid by 000,1 ; lead sulphate 
by 0-0015; As., 0 ., by 0 0013; .nitrosulphuric acid by 0-00027. 
Lead sulphate is much more soluble tjjan stated by Kolb 
{supra, p. 304); acid of 98 per cent, may contain 0-09 per cent. 
PbS 0 4 , acid of'94 per cent. 0-06 per,cenh PbS 0 4 . 

Kolb {loe. cii, and our second edition, p. 129) has given a 
table for the specific gravities of solutions of N., 0 : , (or rather 
of SO r ,NH'i/, below) in sulphuric acid which we now- omit as 
useless, since it is founded upon erroneous assumptions. 

R. Ki.sli.ug {Chou. Ind., *1886, p. 137) has'examined the 
effect of the presence of arsenic on th‘e specific gravity of sul¬ 
phuric acid. The specific gravities of two commercial acids, A 
and B, were observed at I5°C. and calculated for water of 4°C. 

1 , 
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and the vacuum, in order ter be comparable with Lunge and 
NaePs figurcajor pure acid {supra, pp. 296 ct scq.). 


Spec. «rav 
at I ft 


1*8377 
1- 83 S 7 
1*8303 
1 *84013 
1*841*. 
1*8413 
1*8414 '' 
1*8415 , 


A. 

I. 



H. •* 


SO 4 II, 

r 

j Aso( ) j 

Spur L'Hiv. 

SO, Ho 

AsoO.j 

por (‘nut. 

per cent. 

1 < 1 

at 1 ft*. 

per cent. 

per cent. 


0*137 

1*8367 

93*82 

0*024 

92*87 

0-137 

1*8372 

93*67 

0-035 

0*192 

1*3373 

93*12 

0-028 

93*28 

0*258 

1*8384 

93*72 

0-037 

91*25 

0*219 

1*8386 

93*96 

0-037 

939 >o 

0*251 

1*8388 

94*04 

0-039 

93*93 

0*231 


93*77 

0*231 


. 



When 
Nacf, the 


comp; 
considerabl 


these results with those of Lunge and 
e influence of the arsenious acid on the 


specific gravity of sulphuric'acid is very apparent. 

U ith respect to lead sulphate , Kolb found that, at ‘the 
ordinary temperature, there was dissolved up to 


0*039 part in 
•°*oiI „ „ 

o -°°3 „ „ 


100 parts vitriol of 

100 

too 


1*841 sp. gr. 
1-793 „ „ 
'•540 „ „ 


1 n more dilute acids the lead can hardly be estimated. N itric acid, 
which anyhow occurs in very small quantities, does not strongly 
inll icnce the solubility of lead sulphate in sulphuric acid, nitr^n*^ 
acid not at all. The yffect of lead sulphate on the density of 
vitriol can accordingly be neglected for the ordinary tempera^, 
turc, at most it would influence the fourth place of decimals. 

Although,, as we ^ec, the impurities of ordinary sulphuric 
acid, leaving aside '' nitrous vitriol,” have very little effect on its 
density still the latter, at the highest degrees of concentration , 
is no trustworthy mcaps Qf estimating the percentage of real 
S 0 4 H s in the acid, even when the correction for temperature 
mentioned on p. 303 is applied, because at this concentration a 
small difference in density corresponds to a very Jarge difference 
in percentage, Many factories use speci'al hydrometers, in 
which the last few degrees are spread over a large area and are 
further subdivided ; but in fact th <5 density ought t^be estimated 
by more accurate methods, for the hydrometers arc frequently 
not reliable, and certainly not so unless the normal temperature 
lor which the^ Have been made by exactly observed. But any 




SURPHURIC ACID 


307 


determination of density for estimating the percentage of the 
very strongest acids must be rejected, after what'we have seen 
on p. 302. The acids from 96 per cent, upwards ought therefore 
always to be estimated alkalimetrically. 

Obtaining Acid of any Desired Strength by mixing O.V. with 
nter. — I he following table of Anthon’s will be of practical 
value. It'shows in column a how many parts of oil of vitriol 
of 168' Tw. must be mixed with ioo parts water at 15° or 20’ in 
order to obtain an acid of the specific gravity b. 


It. 

b 

a. 

b. . 

a. 

b. 



— 


1 .... 


I 

1-009 

1 130 

w$ ( > 

3 7 ° 

1-723 

2 

1-015 

1,0 

I- 47 J 

380 

1-727 

5 

i -°35 

1 15 ° 

1 -4 00 

390 

1-730 

10 

I -o6o 

160 

1-510 

400 

1-733 

15 

I *090 

170 

1-530 

410 

1-737 

20 

1-113 

180 

■- 5.3 

j 20 

1-740 

• 25 . 

1-1^0 

190 

1-551. 

430 

1-743 

30 

1-165 

300 

i- 5 h8 • 

440 

1-746 

35 

1-187 

210 

05S0 

45 ° 

1 - 75 ° 

40 

1*210 

220 

r -503 

460 

1-754 

45 

1*229 

230 

1 -1) 06 

470 

,i -757 

5 o 

1-248 

! 240 

I-fi20 

480 

t -760 

55 

I-265 

250 

1-030 

490 : 

i- 7 fi 3 

60 

1-280 

260 

1-640 

5 °o 

1-766 

() 5 

1-297 

270 

1-648 

510 ! 

1-768 

70 

1-312 

280 

I -654 

520 1 

1-770 

75 

I -326 

i 2 9 ° 

1-667 

53 ° 

1-772 

80 

1-340 

500 

1-6/8 

54 ° 

1-774 

1 - 77 “ 


1-357 

310 

1-689 

55 ° 

90 

1-372 

3!0 

I-70O # 

560 ! 

1-777 

95 

1 -386 

330 

1-705 

580 

1-778 

_ IOO 

1.398 

340 

• 1-/10 

59 ° 1 

1-780 

' i”i 0 a 

1-^20 ~ 

350 

I- 7 U 

* 600 

1-782 

120 

1-138 

; 360 

♦ 

1-749 




The freezing- and melting-points o£ sulphuric acids of 
different degrees of concentration are given by Pay£11 in a 
table quoted iif our second edition, p. .133. 

A new determination by myself (Deri Her., 1SS1, p. 2649) 
gave the following results :—- 


i|HM\ gra\ 
of arid at 
15 0 . 

• ^ 

Fmfting-poiftt. ! 

Melting- 

point. 

; Spec. giav 
| of acid at 

1 ; 15 c. : 

Froezmg-gouit. 

Melting- 

point. 

. . ! 

1-671 

liquid .it - 2 o“C. * 

liquid* 

1-767 

1 1*6 

•! 6“-5 

1-691 

* do. 

^Jo. 

1.790 

* 1 4 ; 5 * 

1 S"-0 

1-7-2 

do. 

do. 

I -807 

9°-o 

6' -8 

■ ■727 

- 7 ' -5 

7-5 

1-822 

: liuuid at 20 C. 1 

liquid. 

'•732 

- 8°.5 

s "-5 

1-840 

do. 

do. » 

1-749 

0°*2 

i 4 -5 

II 

• t 
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Pickering (/. Chan. Soc., 1890, lvii. pp. 331 ct seq.) has pub¬ 
lished an extensive memoir on the freezing-points of sulphuric 
acid jind its solutions. Thilo (/. Soc. Chau. Iud, 1^93, p. 827) 
gives very extended tables as to the results obtained by him in 
R. Pictet’s laboratory. Pictet, himself, subsequently (Comptcs 
rend., cxix. p. 642) supplies the following table :—■ „ 


Formula 

SO.II ; 

Spec. 

Freezing- 

Formula. 

8O4II.. 

~ r — 

Spec. 

Freezing- 

pei cent. 

Krnv. 

point. 

per cent. 

grav. 

point. 

U..SO, 

100-00 

1-842 

Degrees. 

4 10 

il.SU, -1- 15H ,0 

26-63 

1-196 

Degrees. 

--34 

„ +1I..W 

« 4 - 4 » 

i- 7'/7 

+ 3 

„ 16 „ 

25-39 

1-187 

- 26-5 

„ 2I !.,() 

73-o.S 

1-640 

-70 

18 ,, 

23-72 

I*I 70 

- 19 

„ 4 „ 

57-(>5 

1.476 

-40 

r. 20 „ 

21-40 

I-I 57 

- 17 

H f > I- 

J 7-57 

1-376 

- 50 

,, 25 „ 

17-88 

9-82 

I-I 29 

- 8-5 

8 ,, 

40-50 

0311 

-65 

» 50 p 

1-067 

- 3-5 

v 10 „ 

35-25 

1-268 

- 88 

75 .. 

6-77 

1-045 

0 

„ II „ 

33 *ii 

'•249 

- 7 .S 

M IOO „ 

5.16 

1032 

+ 2-5 

12 „ 

31-21 

1-233 

.-55 

3°0 M 

1.7S 

i-007 

4 4.5 

„ 13 „ 

29-52 

1-219 

-45 

,, 1000 „ 

o -54 

I-CJ 01 

1 e -5 

14 , 

28-00 

y207 

-40 

; 





Knietsch {Her., 1901, p. 4100) gives the following table of 
the inehing'-points of sulphuric acid, ordinary and fuming, from 
1 per cent, to 100 per cent. SO.,, which 1 have supplemented by 
adding the corresponding percentages of II.,SO,. 


so. 

II.SO4 

Melting- 

NO ; 

II..SOJ 

Melting- 

■so, 

Melting- 

per cent 

percent (point 0 

pci cent 1 

pel cent 

point" ( 

per cent. 

point "D. 

I 

1-22 

- 0-6 


\ 

ucluw - 40 

82^ 

1- 8-2 

1 

2-45 ; -l-o 


1 

83 

- o-8 

3 

3-67 

- i -7 

6l 

< 74-72 

- 40 

84 

9 2— 

4 

4.90 

- *2-0 

62 

75-95 

- iu ' 

85 

II-O 

5 

6-12 

<- 2-7 

63 

77-17 

n -5 

86 

2-2 

6 

7-55 - - 3-6 

, 64 

78-40 

4-8 

87 

4 13-5 

7 

8.57 

' 4-f 

l 65 

79-62 

- 4-2 

88 

4 - 26-0 

S 

9-80 

- 5-3 

■ 66 

80-85 

4 - 1-2 

89 

H 34*2 

9 

‘11-02 

1 - 6-o 

67 

82-07 

4 - 8-o 

90 

9 - 34-2 

10 

12-25 

; - 6.7 

68 

83-39 

4 - 8-o 

yr 

125-8 

11 

13-47 

| - 7-2 

' 69; 

84-52 

4 7 -o 

92 

+ 14-2 

12 

14.70 

• 7-9 

70 

85-75 

4 - 4-0 

93 

4- o-B 

13 

15.92 

i - 8-2 

71 

86-97 

- 1-0 

94 

9 4-5 

‘4 

17-15 

j 9-0 

1 72 

88-20 

- 7-2 

, 95 

4 -14-8 

15 

18-37 

- 9-3 

73 

89.42 

16-2 , 

<96 

+ 20-3 

l6 

19-60 

- 9.8 

74 

90-65 

^5-o 

• 97 

1 29-2 

"7 

20-82 

f -11-4 

75 

91-87 

34-o 

98 

9 33-8 

18 

22-0$ 

■-13-2 

76 

93-10] („ 

-32-0 

99 

4- 36-0 

19 

20 

21 

22 

1 23 

23- 27 

24- 5° . 

25- 72 

26- 95 
28-17 

. 

« ■ 15-2 

- 17*1 

- 22-5 
-3i-o 

40*1 

77 
i 7,8 

79 

80 

81 

81163 

94- ^1 

95- 05; S 

9677 

98-CO 

99*25 

100-00 

( 

* - 28.2 

-16.5 
- 5-2 

4- 3-0 
-1 7-0 
4-10-0 

1 , IOO 

4 400 
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By “melting-point” he understands the tempera'ure at 
which the cooled acids in which crystals had Commenced to 
form remained constant when the vessel was taken out u( the 
cooling medium during the process of solidification. In a set 
of curves appended to the original (cf. Fig. 51, p. 291) he also 
shows the temperatures at which the first crystals form and those 
at which, An cautiously heating, the last crystals were liquefied. 
The curves show a decided maximum near the point 1 LSD,, II , 0 , 
a minimum at the point 2H.,S0 4 ,II.,0, a maximum (nearly coin¬ 
ciding with the first) at the point II., SO,, a minimum at 
4H.,S0 4 ,S0.„ a strong maximum at 11 , SO,,SO, |,= pyrosulphuric 
acid), a minimhm at IL-SO^SO,. and the highest maximum for 
SO. t in the polymerised state. * 

On boiling dilute sulphuric acid, at firsl nothing but aqueous 
vapour escapes ; according to Graham, acid vapour is mixed 
wiyi the steam»only when no more than 2 mol. of water are 
present to r of SO.,—thatds, with a percentage of 84-48 SO,II., 
or a sp. g{, of 1-78. After several discussions about the loss of 
sulphuric acid in concentrating it, by Lunge, Bode, \V'ulter, etc, 
it may be assumed that in manufacturing practice no sensible 
loss of acid takes place by real volatilisation up to a strength of 
144 or even of 152 Tw.; but from violently boiling acid there 
is alwavs a little acid carried away mechanically in the shape of 
' ’'nil drops, especially in pans fired from the top and also in 
the Glover tower, or in a “ vesicular state*’ When the evapora- 
tionjajWx) that^ [joint takes placi quietly at.a moderate heat, 
there is probably no loss of acid at all. 

The boiling-point of .sulphuric monohydratc 'is stated by 
Marignac =338 , by Pfaundler =317°. • r he boiling-points of 
sulphuric acid containing wal,er were examined by Dalton in 
the beginning (ff this century. His able, which was obviously 
wrong, has been replaced by another, founded upon my own 
investigations (Her/. Her., xi. p. 370), which is herewith 
reproduced’:— 


,[TaL!LI$S I. AND 11 . 
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Table I. 


Spool lie 
gravity. 

Tttnpora- 

tUI'fi. 

•• V. 

Spec. grav. 
reduced to 
15 ° C 

Percentage 

of 

SO4H2 

Boiling- 

pomt 

' C 

# 

Barometer 
reduced to it" 
Mil lims 

1-8380 

17 

ti 

- 1-8400 

95-3 

297 

71^8 

1-8325 

, 16-5 

1-8334 

92-8 

280 

723.9 

1-8240 

1 S *5 

1-8242 

90-4 

264 

720-6 

1-8130 

16 

1-8140 

88-7 

257 

726-0 

1-7985 

J 5-5 

1.7950 

86-6 

241.5 

720-1 

l-78oo 

1 5 

1 -7800 

« 4-3 

228 

720-5 

17575 

16 » 

>■7554 

81-8 

218 

726-0 

I -7400 

15 

1-7400 

8o-6 

209 

7 20-6 

1-7185 

17 

I -7203 

7,3.9 

203-5 

■ 725-9 

I- 70 I 0 

18 

, 17037 

77-5 

197 

725.2 

1-9750 

19 

1-6786 

75-3 

183-5 

725-2 

1-6590 

16 

1-6599 

73*9 

l80 

725-2 

1-6310 

■7 

14)328 

7 i -5 

173 

725-2 

1-6055 

17 

1-6072 

69.5 

I69 

730-1 

1-5825 

■5 

1-5825 

67-2 

l60 

, 728-8 

I -5600 

17 

1-5617 

65-4 

I 5 S -5 

730-1 

1-5420 

17 ‘ 

1*5437 

64-5 

151-5 

73 o-i 

'•4935 

18 

1 -4960 

59-4 

M 3 

730-1 

I -4620 

17 

1-4635 

56-4 

133 

730 -’. 

*. -vx)fr 

17 

1-4015 

50-3 

124 

730-1 

<•3540 

17 

1-3554 

45-3 

Il8-5 

730-1 

1-3180 

17 

I' 3 i 94 

41-5 

”5 

730-1 

1-2620 

17 

I- 2&33 

34-7 

r 10 

732-9 

1-2030 

17 

I-2042 

27-6 

107 

732-9 

1 ■ 1120 

17 

1-1128 

15-8 

103*5 

732-9 

1-0575 

■7 

1-0580 

8-5 

101-5 

735-0 


. Table II. 

4 

(Calculate*! by graphical interpolation.) 


Percent 

Boiling- 

Fercey^. 

B«lling- 

Percent. 

Boiling- 

F.-fceiit. 

Boiling- 

SO 4 H 0 

point. 

HO 4 H 0 . 

f.vdnt. 

SOjlU 

point. 

WJ 4 II.. 

point. 


Degrees. 


Degroes. 


Degree* 


Degrees. 

5 

101 

45 

118-s 

70 

170 

86 

238.5 

ip 

102 

50 

124 

72 

174-5 

SS 

’ 251-5 

15 

i?3-5 

53 

128-5 

74 

180-5- 

90 

262-5 

20 

105. 

56 

133 

76 

189 

91 

268 

25 

106-5 

60 

141-5 

78- 

(99 

92 

274-5 

30 

lots 

6 ?-5 

■47 

0 80 

207 

93 • 

281-5 

35 

-no 

65 ' 

153-5 

82 . 

218-5 

94 

288-5 

40 

_ 

114 

67-5 

161 

84 

227 

95 

295 


• • L 

*- l * 
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The tension of aqueous vapom in sulphuric-acid solutions of 
various strengths was determined by Regnault in 1845 {Ann. 
Chim. anal. l3], xv. p. 179) for temperatures from 5 ' to 33" C. 
VV^e here give his table (for every other degree), adding to the 
hydrates quoted by him the percentage composition and 
specific gravities. We also subjoin Sorel’s table (p. 3)2), com¬ 
puted for a wider interval of temperatures, better suited for the 
wants of sulphuric-acid manufacture. The tensions arc stated 
in millimetres of mercurial pressure. 


Rfgnaulfs 'Fable of the Aqueous-Vapour Tensions of Dilute 
Sulphuric Acids 



IUXO4 

II.,so, 

IIoHO, 

II., SO, 

If.SO., 

(• 

| 11,0 

-|-2 11 .*• 

, ‘S 11. ,0 

1 4 IJgO 

1 . u ,0 

1 • 

S 4 5 # 

73 1 

t)l f>v 

57 (> . 

52 1 / 


1 7 SO 

1-fiM 

1 . r ) r ,-l 

I 4 * 7 . 

1 420 . 


mm 

• 

mm 

mm. 

mm. 

mm. 

5 

0-105 

0-388 

o-86i 

1-294 

2-137 

7 

0-108 

0-430 

0-985 

1-510 

2.464 

9 

o-i 12 

0-476 

1-125 

>•753 

2-829 

11 

o-riS 

0-527 

1-280 

2-025 

3-240 

13 

0-124 

0-586 

>•454 

2 - 33 > 

3-699 

15 

0-131 

0-651 

1-648 

2-674 

4-215 

i4 J 7 

0-159 

0-725 

1-865 

3-059 

4-793 


' T ", 

0-808 

2-108 

3-492 

5-440 

21 

0-159 

0-901 

2-380 

3-977 

6-i66 

23 

0-I7I 

I-oo 6 

2-684 

4-523 

6 - 97,9 



, 4 - 12 ^, 

1 

5.135 

7-892 

27 

0-199 

1-258 

3-405 

5-822 

8.914 

29 

0-216 

1-408 

3-830 

6.594 

10-060 

31 

0.235 

1-557 

4-305 

7-459 

> 1-345 

33 

0-256 

1-767 

4-838 

8-432 

12.7.85 

35 

0-280 

I-98l 

5-432 

9-524 

I 4-400 




_ 




• |l.SO, 

11 so. 

h..so 4 

11 .so, 

| I 11,0 

111'll.,O 

1 11 11.,0 

f 17 JI..O 

13 ; . 

57 7 . 

33 1 - ' 

-1 3 , 

1 340 , 

1 1 257. 

1 247 . 

1 17 n. 

mm. 

mm. 

mm. 

mm. 

3 -I&S 

1-120 

■*428* 

5*478 

3 - 64.3 

4-728 

5.164 

b.300 

4.176 

5-408 

5.980 

7*2i6 

4-773 

6-16C 

5-883 

8-237 

5-443 

7-013 

7-885 

9-374 

6-194 

7-958 

8-995 

10-641 

7-036 

9.014 

10-222 

> i °54 

[ 7-980 

10-191 

11-583 

13.628 

9 -°» 

11-506 

1 3-090 

15-383 

10-226 

> 2-974 

I 4-760 

17-338 

n -557 

>4,613 

16-610 

19.516 

13-050 

>6-.| 13 

>8-639 

21.944 

14-723 

18-485 

2,-929 

24-650 

1 16.600 

20-765 1 

2 . 3-443 

27-666 

, ,S -‘% 

23 - 3 U 

26-228 

31-025 

21.063 

26-152 

29 - 3 I 4 

34 - 77 ° 


Knictsch {Bed. Her., 1901, p. 4111) has also determined 
the vapour-tensions of sulphuric acid, both ordinary and 
fuming, at vnrious temperatures up to 100" Q. As may be 
imagined, the aqueous-vapour pressures decline rapidly with 
the concentration of*the ordinary acirl, anti*for acids from 
90 to 98-6 per cent. th<*y are = o even at 100°. From this 
point the vapour-tension, now of course produced by S 0 3 , 
rises very rapidly, as is shown by the following table, where 




Tension of Aqueous Vapour in Afi:, 
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the pressure of f vol. fuming acid + -J- vol. air is expressed in 
atmospheres. 


Temp. 

HU, 

30 per cent. 

HO, 

40 per cent. 

so., 

50 per cent. 

so., 

60 per cent. 

HO, 

70 pot lent. 

KOj 

SO percent 

* 

HO, 

100 per cent 

C. 

Atm. 

Atm. 

Atm. 

Atta. 

Alin. 

Atm. 

Atm. 

35 

40 

45 

50 

55 

60 

65 

70 

75 

. • 




• 

0 -I 50 

0-400 


0-075 


0-225 

o -375 

• 0-500 

0 

0 

6 

0-050 

0-125 


0-350 

o -575 

0-650 

0.875 

o-ioo 

0-175 

0-350 

0-525 

0-775 

0-875 

1-200 

0-140 

0-22$ 

0-450 

0-675 

1-025 

1-200 

i-6oo 

0-200 

0-275 

0-550 

0-825 

I-400 

1-500 

1-850 

0-225 

0-350 

0-700 

1-025 

i‘-65o 

i* 90 <» 

2.250 

0-275 

, 0-400 

0-825 

1-275 

2.050 

2-300 

2-725 

0-340 

0-475 

1-000 

1-570 

2.525 

2-800 

3-300 

85 

90 

95 

100 

• 

0-400 

0-575 

1-150 

1-850 

* 3-ioo 

3-500 

4-000 

0-450 

0.675 

1-400 

2-150 

3-700 

4-175 

4-900 

0.530 

0-825 

1-700 

2-575 

4-400 

5-050 

5-900 

0-625 

0-950 

2-050 

3-150 

5-200 

6-ooo 


0-730 

.. .. • _ 

I-000 

• 

2-400 

3 - 7 <* . 

6-ooo 




E. IJriggs (/. Soc. Chan. Ind., 1903, p. 1275) describes his 
experiments on the vapour-tensions of mixtures of,sulphuric 
acid and water, which he applies to the construction of the 
following table, the figures denoting millimetres of mercury :— 


07 

£<5 






Temperature ( C ). 



10'* 

no 

120 

125 

130 

140 

150 

160 

170 175 1 180 

190 [ 200 

& 0 









- ! - 1 

'- 

79’ 1 7 

14*3 

33-8 5<>-2 

90-8 

f> 7-5 

II2-5 

86-2 

168-5 
132 0 

^00-0 

210-0 

335 0 

;;; 

... j . 

81.81 

8-5 

18-8 

32-5 

to-o 

5 i -5 

75-5 

126-5 

207-5 

322.5 : 400J ... 

... | ..* 

84-26 

5-3 

11 * 1 

18.5 

23-1 

29.5 

4^-0 

70 5 

h 8-5 

180-0, -*30 '282.5 


87-32 

2-4 

5-o 

8.7 

10.5 

15.0 

26-3 

4 ’ 5 

6ts 

92-5 113 132-5 

I 9 I -0 367 

91-22 


... 


5-0 

•6.9 

10-0 

, 

!5-0 

2?b 

40-6 I 51 | 62-0 

_ 

92-5! 149 

i ' 


» 


B. C. Burt (/. Chan. Soc., 1904, lxxxv. pp. 1339 cl seq.) 
describes his experiments on the vapour pressure of sulphuric- 
acid solution, carried on by means of a specially designed 
apparatus, for concentrations ranging between.24-92 and 95-94 
per cent. SO + H.,, and he also reviews all the earlier work on this 
subject. His conclusion is that, in solution, coTnbination ensues 
between sulphuric acid and water with the formation of new 
compounds. There is no evidence to show that definite 
hydrates exist in the solutions; fn fa^t, se'veyil attempts* to 
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calculate molecular weights, presupposing the existence of 
certain hydrates, led to very contradictory results. 

specific ,’ieat of monohydrated sulphuric aci^l at 16° to 
20" C. is 0-3315 (wfter — r). Marignac states the specific heat of 
acid diluted with water as follows:— 


dSO, 

+ 


0-5764 


+ 

in „ 

0-7212 

57 

+ 

15 5, 

07919 

>1 

+ 

25 11 

" 0-8537 

55 

+ 

5 » » 

- 0-9155 

55 * 

+ 

100 „ 

0-9545 

>4 

+ 

200 „ 

-- 0-9747 

55 

+ 

400 „ 

-- 0-9878 


Tiic following table, by Bode, is more convenient for practical 
use (Z. augeti.’. Chem., 1889, p, 244):— 


j Spec grav. 

‘.-'pi-e. heat. 

,S|.pc, 

Spi-c. heat. 

J V *42 

0-3315 

1-020 

067 

1 ■*■1-77) 

0.38 

1-263 

o-73 

l 1*711 

0.41 

1*210 

o-;8 

1-615 

°.(5 

I.l62 

0-82 

1-530 

°* 19 

II16 

0-87 

1-442 

o-55 

1-075 

0-‘JO 

1-383 

o-6o 

1-037 

0-95 


Cf. also Pickering (/. Client. Soc., lvii. p. 90). *■ 


Knietsch (Her/. Her., ipor.p. 4102) gives th* njjocifietiC.us ol 
acids of higher co'ncentration and fuming acids up to too per 
cent, anhydride. The curve (Fig. 51, p. 291) falls continuously 
with the concentration, till 20 per cent.'SO, is reached ; it then 
rises again, and at 100 per cent. SO, reaches tha considerable 
amount of 0-77. The principal points are :— 


Total 

sp, 

Fro* Si > a , 

Spfipiiie 

heat. 

j Total 
j SO,. 

Free N( 

« 

Spenlir 

hf.lt 

80 

< 

• 

0-3574 

92 

56-45 

0*400 

82 

.2-0 

0-345 

94 

6 */-34 

o -45 S. 

84 

. 12-89 

• 0440 

96 

» 78-23 

0-535 

86 

23-78 

0-340 

98 

89*I2 

0-650 

88 

34-67 

0-350 

100 

100 

0-770 

90 

4 p 56 

0-360 

l 



1 • 
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The exponents of refraction of sulphuric acid *havc been 
deterip 1 ' ed by Veley and Mai,ley (Roy. Soc. Rive., lxx'ix* 1905, 
pp. 469-4^). 

Chemical Behaviour of S/ifl/nnc Acfd. 

On mixing oil of vitriol with < l considerable rise of 

“temperature takes place, water being'chemically fixed by the 
formation of certain hydrates, as described above. Besides, on 
mixing concentrated acid with water, as already mentioned, a 
not inconsiderable contraction takes place, which must equally 
lead to an evolution of heat. But on mixing string sulphuric 
acid with sttttw excessive cold is produced by the heat becoming 
latent on the liquefaction of snow, wjiich considerably exceeds 
that becoming free in consequence of the chemical combination. 
This cold, however, is only produced when the proportion 
between acid,and ice does not excead certain limits: for 1 part 
of sulphuric acid there must be 1} parts of snow present; with ’ 
less snow, there is a rise'of temperature. 

Eve'n when sulphuric acid is more strongly diluted much 
heat is liberated. Many observers have workxti upon this 
subject; but we quote here only a few. Thomsen (Dcntsch. 
chan, Ges. Her., iii. p. 496) states that 1 g.-mol. (that is 98 g.) 

11 ,SO , gives the following amounts of heat when combining 
with r molecules of water. — 


x . 


1 . 


mclnml heat-units 

'a ■*? 1 . 

9364 

/ 

>1 n 

3 ■ 

1110,S 

6 

55 15 

5 • 

. * 13082 

• 

” 

9 • • .< 

. 14940 

*7 71 

19 . 

16248 

51 51 

4 </ • 

! i66;6 

m 15 57 

99 . 

. 168^0 

51 55 

199 . 

17056 

55 55 

499 • 

• '7304 

55 55 

’ 799 • 

. 17632 

55 55 

i 5 fc> • ■ 

. 17S48 

55 « 


Somejvhat higher results were obtained, by Bickering (/. 
Chan. Soc., lvii. p. 94). • • • * 

Knietsch (Berl. Her., 1901, p. 4103) gives the following 
figures of the heat of dissolution, found both in the laboraitoiy* 
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* 

and by large scale experiments with 400 kg. water (for the 
values'of fuming acid, see p. 284):— 


so*, 

per cent. 

11 .HO. 
per cent 

* 

Calories 

so. 

per ci-nt. 

II 2 S 0 4 * 
per cent. 

Calories. 

5° 

61-25 

39 . 

67 

82-08 

93 

S' 

62-48 

» 41 

68 

83-30 , 

98 

52 

63-70 

44 

69 

84-53 

103 

53 

64-33 

46-5 

70 

85-75 

108 

54 

66.15 

49 

71 

86-93 

113 

55 

67.33 

5 i -5 

72 

8S.20 

119 

56 

68-6o 

54 

73 

89-43 

126 

57 

69.83 

. 57 

74 

90-65 

133 

5 S 

* 7105 

59-5 

75 

91*88 

139 

50 

72.28 

62 

76 

93.10 

146 

60 

73 - 5 ° 

65 

77 

94-33 

152 

6 r 

74-73 

'68 

78 

95-55 

160 

62 

75-95 

72 

79 

96-78 

168 

63 

77-18 

75 

80 

98*00 

178 

64 

78-40 

79 . 

81 

99 - 2.3 

188 

65 

79-63 

83-5 

81-03 

r 00,00 

193 

66 

80-85 

88 



♦ • 








The curve both for ordinary and fuming acid runs on quite 
steadily, 'without any breaks, so that the formation of the 
different hydrates evidently does not cause any special evolution 
of heat. 

On account of this considerable evolution of heat, concen¬ 
trated sulphuric acid and water must always be mixed with^ 
care: the water ought never to be poured into the acid,^>ut the 
acid run in a thin jet into the water with constant stirring. In 
case of a sudden mixture, so much heat is libei* icu ai once that" 
the acid may.be raised to the boiling-point and splash about; 
and glass vessels are easily cracked thereby. 

II. Howard (/. Snr.*Chcm. hid ., ig( 6 , pp. 3-4) describes a 
method for estimating the strength Of fuming sulphuric acid by 
the rise of temperature on dilution with water. 

The affinity of sulphuric acid for water is also proved by its 
great hygroscopicity. Concentrated sulphuric acid is one of the 
best mcans'of drying gases ; and it is not onlynise^dn this way 
for innumerable Scientific, but also forborne technical purposes 
—for instance, in the manufacture of chlorine by..Deacon’s 
process, where the gareous mixture, haiAng been deprived of its 
hydrochloric acid By water, is passed through a coke-tower fed 
•with sulphuric acidf in order to be dlprived of its moisture. In 
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the same way, chlorine gas is dried for the process of utilising 
tinned scrap-iron by treatment with chlorine, which in the dry 
stale does not act upon iron, but gives with tAi anhydrous tin 
tetrachloride. Or the large scale, usually ncjt the most highly 
concentrated acid, but acid of about So per cfcnt. 1 J.,S 0 4 , is 
employed for drying gases, but care must be taken lest its con¬ 
centration during the work should not'rank belowsp.gr. 1-72, 
as it would then not act as dehydrator. 

Concentrated sulphuric acid acts also upon liquid and solid 
bodies by depriving them of water or even splitting off the 
elements of the same if the substance o'nly contains the latter, 
but no readily formed water. Upon this action, too, a host of 
scientific and technical applications of sulphuric acid are founded. 

In this case frequently the so-called sulplwnic adds are formed, 
generally compounds easily lending themselves to further 
reactions. Instances of this are •—Ahe formation of ether by 
the splifting-up of sulphuric acid, with tlvs intermediate forma¬ 
tion of sulphovinic acid ; that of ethylene on the further split¬ 
ting off of water; the preparation of nitrobenzene, picric acid, 
nitronaphthalcne ; the manufacture of resorcine and alizarine by 
the alkaline fusion of the sulphonic acids of benzene and anthra- 
quinone ; and many other cases. 

The charring of many organic substances, such as wood, 
sugar, etc., by contact with strong sulphuric acid, proceed** from 
the saiftc source. Necessarily this ;yid, in its concentrated 
form, must have an extremely prejudicial effect on the animal 
body. * i'lie remedy usually applied, viz., burnt magnesia,cannot 
do much good when the epithelium of the (esoplihgus and the 
stomach has been destroyed. ^ 

The affinity of concentrated sulphuric acid for water is also 
shown by the* fact that it easily r,uns,pver, when kept in open 
vessels, by attracting moisture Trom the air —a fact to be 
remembered in the case of employing it for keeping balances, 
etc., dry. • t 

Dccomp&sitioitS of Sulphuric Acid .—Some these have been 

mentioned already—for instance, that into anhydride and water 
by evaporation. The'mixed vapour, ou accoifnt of the unequal 
velocity of diffusion of tlic two vapours, c*an. be separated to a 
great extent into its two constituents, so that at 520° C, within^ 
an hour, a residue of 60 p<jr*cent. nionolydrate jpid 40 per cent. 
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anhydride, at 445' C. 75 per ceiH. inonohydrate and 25 per cent, 
anhydride was obtained (Wanklyn and Robinson, Roy. Soc. 
Proc., x ii. p. 507;. Perhaps a process for preparing /inning acid 
can be founded upon this fact. Even far beiow the boiling-point 
the dissociation begins in the liquid acid. It has been pointed 
out that already at 30° to 40' C. the inonohydrate begins to 
give off vapours of anhydride (Marignac), which fact'has been 
confirmed by the'exact researches of Dittmar {Chan. Soc. J. [2], 
vii. p, 446) and Pfaundler and Poll {Z.f. Chemic , xiii. p. 66). 

A more thorough decomposition into sulphur dioxide, 
oxygen, and water takes place on conducting the vapour of 
sulphuric acid through porcelain or platinum tubes filled with 
chips of porcelain and heated to a bright red heat. This mode 
of decomposition has been recommended by Deville and Dcbray 
as a “cheap” plan for making oxygen ; but it does not seem to 
have answered, owing to the insufficient sale of sulphurous acid 
or its salts; it was expected to play a.great part in the manu¬ 
facture of anhydride by Winkler’s process, but even for this 
purpose i.t ha?, not been found economical. 

On heating with charcoal to too' or up to i5o"C., sulphuric 
acid yields carbon dioxide and sulphur dioxide; on boiling with 
phosphorus, sulphur; on boiling with sulphur, sulphur dioxide; 
by the action of the electric current, hydrogen, oxygen, sulphur, 
etc. (in dilute sulphuric acid the electric current merely causes 
the decomposition of wa f er), 

Sulphuric acid^ at temperatures below its bo iling-poin t 
behaves as the strongest of all acids, anil expels all other acids 
from their salts when the solubilities, etc., allow this; but, 
inversely, sodium sulphate is also decomposed by hydrochloric 
acid. In 'fact, the “ avidity ” of hydrochloric and nitric acid at 
ordinary temperatures much, exceeds that of shlphuric acid. 
Boussingault {Ann. C/iint. Pl/ys. [5], ii. p. 120) has shown that 
dry hydrochloric acid gas at a red heat decomposes the sul¬ 
phates of sodium, potassium, barium, strontium, and calcium 
(see further on).. More refractory acids expel 1 'sulphuric acid at 
higher temperatures—for instance, bo-ic acid, silica, and phos¬ 
phoric acid. 

With the bases sulphuric acid forms two principal series of 
* salts, viz., acid salts, of the formula SO/ q^J, and neutral salts, 
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of the formula SO/ q Very frequently it also fornix basic 

salts, rarely hyperacid salts. / 

The technical applications of sulphuric acyl to a great extent 
rest on its great affinity to all bases. The acid and neutral salts 
are soluble in water, excepting, the neutral salts of barium, 
^trontiurj, lead, silver, and mercury (in'the state of protoxide), 
which are little or not at all soluble in water'and dilute acids. 
Calcium sulphate is sparingly soluble in water. Most sulphates 
are insoluble in alcohol. The basic sulphates are mostly insol¬ 
uble in water, but soluble in acids. The sulphates.incline very 
much towards the formation of double salts, of which those are 
called ttlums which contain a combination of univalent and 
trivalent (corresponding to a double atom of quadrivalent) 
metals. 

I hc neutral salts of the alkali-metals, of calcium, magnesium, 
silver, manganese, and ferrosum, the latter only if entirely free 
from acid and peroxide (a condition very rarely realised), do not 
redden blue litmus-paper, whilst all other soluble sulphates do 
this. 

On heating to a red heat, only the neutral sulphates of the 
alkalies, of the alkaline earths, and of lead remain unchanged. 
At a still higher temperature (that of melting iron) the two 
latter classes are also decomposed, but the alkaline sulphates 
are volatilised without a change. Eyen zinc sulphate and 
manganous sulphate are not easily decomposed. This explains 
thc'diiiiduiryTri totliplctcly converting blendifinto oxide of zinc. 

On roasting, the decomposable sulphates .yield metallic 
oxides, sulphur dioxide, and oxygen.* They are much more 
easily split up on heating with certain additions, such as coal, 
iron, etc. 

On the metals sulphuric acid 3 cts in a very different way. 
The water-decomposing metals in the cold yield nothing but 
hydrogen.wkh it; at high temperatures even zinc and iron 
already yield sulphurous acid ; and zinc, if certain conditions 
are observed, can even yi<;ld sulphuretted hydrogen (Fordos and 
Gel is). 

Most of the heavy mJtals do not act ti| 5 oi\ sulphuric acid in 
the cold and in a dilute state (they yield sulphur dioxide only 
on being heated with amcfituitcd 'acid), suert a| arsenic, anti- 
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mony^ bismuth, tin, lead, copper/unercury, silver (sulphates being 
formed at the same time); gold, iridium, and rhodium do not 
act on, sulphurictacid at any temperature. 

Pure sulphuric; acid has a very slight action on platinum , 
even at, its boiling-point, and hardly any action at lower 
temperatures, but the action, is increased by the impurities 
never absent from commercial acid. Impure platinum may 
also be acted upon to some extent, but the action on gold is 
nil. We shall go into this subject when treating of the con¬ 
centration of sulphuric acid in platinum vessels. 

The behaviour of atst-iron towards sulphuric acid is of great 
technical importance. It has been known for many years past 
that concentrated oil of vitriol acts very little indeed upon cast- 
iron, whether hot or cold, provided the access of air is excluded, 
the moisture from which would dilute the acid and cause it to 
act more strongly. It was, however, at first .considered an 
extremely bold step when Lancashire alkali-makers began to 
decompose common salt with sulphuric acid in cast-iron pots, as 
is mentioned, in our second volume, in the chapter treating of 
the manufacture of saltcake. 

Since that period manufacturers have become much bolder, 
and for many years past cast-iron vessels have been employed 
for “parting” alloys of silver and gold by boiling sulphuric 
acid,-fin making nitrobenzene and analogous products by a 
mixture of strong sulphuric and nitric acid, and innumerable 
other purposes where strong.acids have to be mani pula ted 
either hot or cold,, even for the last concentration of'suipnuric 
acid itself. * Dilute sulphuric acid, if the dilution be not too 
strong, acts very little On cast-iron in the cold or at a gentle 
heat, if air be excluded ; it can therefore be employed for “acid 
eggs,” in which chamber-ac,id is forced up, in i'ieu of pumps, 
and similar purposes. 

It is usually assumed that some descriptions of cast-iron 
resist the attack of acids more than others. This ooir.t, together 
with some others of importance, has been the-subject of experi¬ 
ments by myself And collaborators {Chan. Ind , 1886, p. 74). 1 

These experiments, lead to the 'following conclusions :— 

(1) At the ordinary temperature all acids down to 106° Tw. 

1 A full report is also given in the^second edition of this book, pp. 
I 4 I-I 43 - 1 
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act very little on all descriptions of cast-iron, if the access of 
air is prevented. 

(2) At 100° C. the action is much stronger. It is least.-in the 
case of acid of 168 Tw., U times stronger with acid 142 Tw., 
and 3 times stronger with acid 106° Tw. 

(3) At the boiling-point of the acids the differences are far 
more pronounced. Acid of i68‘ Tw. acts very little even then 
(/.e., at 295 C.), both in the pure state, or as commercial acid 
(containing a little NX).,), or when containing a little SO*. But 
acid of 142 Tw. acts (on an average) 14 times stronger at its 
boiling-point = 200° than the same acid at 100 C, and 20 times 
stronger than’acid of 168' Tw. At 200 C. commercial acid of 
142° Tw. does not act very differently from pure acid of the 
same strength. Hence it is not feasible to concentrate acid 
of 142 to higher strengths in iron, vessels; only from 168 Tw. 
upwards the acid can be boiled in cast-iron vessels. Acid of 
rod Tw. at its boiling-jjoint (= 147 C.) .acts rather less than 
acid of 1^42 Tw. at 200 but still 14 times as much as acid of 
168 Tw. at 295 C. There is no difference between pure and 
commercial acid in this case. 

(4) The differences between various mixtures of cast-iron are 
of no importance against acid of J 68 Tw. in all cases, and against 
the weaker acids at 20 and ioo' C. But the latter acids at their 
boiling-point act decidedly less on charcoal-pig and on chilled 
cast-iron’than on all other kinds. A difference between hot 
and cold casting could not be found. The strongest attack 
took place oiTScot’ch pig and on mixtures containing such. 

In another series of tests we examined the action of mono- 
hydrated sulphuric acid on various metojs, both on standing six 
days at 20 and on heating two hours to 100 C, always with 
exclusion of ait\ The loss of weight w;is 
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Ivnietsch [ficr., 1901, p. 4^°9) gives the following table 
respecting the action of sulphuric acid (ordinary apd fuming) 
of various strengths on cast-iron, mild steel (“ Fluss^isen ”), and 
puddled iron. The cast-iron contained 2787 per cent, graphite 
and 3-5;, per cent, .total carbon, the mild steel 0-115 percent, 
carbon, and the puddled t iron 0-076 per cent. The figures denote 
the loss of the metal per superficial metre and hour in^rammes, 
after treating with acid for seventy-two hours at 18’ to 2o' J C., 
with exclusion of air. 


HjSO, 
pci cent. 

KO. ( 

por cent 

Cast-iron. 

Mild steel. 

I’uddlnd 
• non. 

48-8 
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. 
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77-9 
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81-0 
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99-30 
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0-050 . r 

99-50 

0-060 

0.03s 

0-049 
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Knietsch (loc. at., p. 4090) make the following further 
remarks on this subject. Whereas cast-iron vessels are very 
suitable for tin manufacture of hydrated sulphuric acid, this is 
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not the case for fuming acids, for these, although they corrode 
the metal -But slightly, cause it to crack, sometimes quite 
suddenly, with a loud report. Evidently tne fuming' acid 
penetrates into the pores of the metal, wherfc it is reduced to 
S(X and 1 FS, with formation of CCX from the carbon of the 
c^sl-iron—all of them gases With somewhat low critical 
temperatures which produce high tensions in the interior of 
the metal. 

Fbhr {Fisc/icds / ahresber ., iS 8 < 3 , p. 295) points out that cast- 
iron, in order to resist acids, ought to possess much chemically 
combined and little graphitoidal carbon, whilst precisely the 
opposite holds good with reference to resistance against alkali, 
as in caustic-pots and the like, in the former case the iron 
ought to contain much manganese and little silicon, in the latter 
little manganese and much silicon. Fusing alkalies dissolve 
combiner,) carbtm and manganese, but very little graphite or 
silicon [?]. A mixture Which makes gofld dccumposing-pans 
(or acid concentrating-pans) would make bad caustic-pots, and 
vice versa. " 

Ricevuto ( them. Zcit., 1907, p. 9G0) found a cast-iron dish, 
which resisted the action of acids particularly well, to contain 
9-2,| per cent. Si, 0-526 per cent. 1 ’, 0080 S. This dish had 
been . applied by Hartmann and Benker. 

Sometimes ferro-silicon (up to 10 percent.) is cmploy*ed to 
make cast-iron acid-proof, whereas 1 [Ihr cent, nickel makes it 
proof agp'ivf.‘ , i(Guttmann, J. Sot. Chun., hid., 1908, p. 668). 

Wftmght-iron is much more acted upon than gast-iron by 
weaker acids, as appears from some of the above-quoted in¬ 
vestigations, but at the ordinary temperature it resists the action 
of strong sulphuric acid down to 140“ Tw., and probably even a 
little below that strength. Where, howbver, through the action 
of moist atmospheric air, the acid gets more diluted, a very 
strong action sets in. Hence the wrought-iron vessels in which 
sulphuric acid'is now very generally carried must be* protected 
inside against any access of air when empty; and at the 
manholes, etc., where, terrfpoj’ary access of nig is unavoidable, 
they are best protected bji a sheet of Lead. , • 

By fuming acids wrought-iron (and zin6), according to 
Knietsch, loc. cit., is somewhat strongly acted, upon in casc.of 
acids containing up to 27 { 5 cr cent. SO.,,* this is’cxplained by 
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the increase af electric conductivity, apparent from the curve 
No. 5, Fig. 51, p. 291. We notice that the’minimunj lies at 100 
per cent. H 2 S 0 4 : then the conductivity rises yharply, the 
maximum being r.t 10 to 15 per cent, free SO.,, whereupon it 
sinks just as rapidly to a minimum. At 27 per cent, free SO.,, 
wrought-iron is again entirely* passive, and apparatus made of h 
may serve for many years for the manufacture of higTi-strcngth 
fuming acids. 

The action of sulphuric acid on lead has been the subject of 
many experiments. Calvert and Johnson ( Comptcs rend ., lvi. 
p. 140) cam'e to the conclusion that lead is all the more acted 
upon the purer it is, and that an energetic action only takes 
place by acid above the sp. gr, of 140 Tw. Similar results 
were obtained by Mallard {Bull. Soc. Client., 1874, ii. p. 114) and 
Hasenclever. 

Bauer {Bad. Her., 1875’, p. 210) found that 5crg. of strongest 
oil of vitriol (168' Tw.) with 0-2 g.rof pute lead produced a 
sensible evolution of gas at 175', stronger at 19C ; at 230'to 
240 suddenly all the lead is changed into sulphate, with forma¬ 
tion of SCL, H and S. Lead containing varying quantities of 
bismuth (0-71 or 4 or 10 per cent.) was even more strongly 
acted upon, whilst small quantities of antimony and copper 
make the lead more resisting; platinum acts in a similar way. 
Lead"containing to per cent, tin behaves like pure lead. 

According to experiments made by J. Glover {diem. News, 
xlv. p. 105), pure Jead is less keted upon w fyeii s uspen ded in a 
yitriol chamber -than lead containing O-i to 075 per cent, 
copper, or or to 0-5 per cent, antimony. N. Cookson {ibid., 
p. 10C) found that strong acids at a high temperature act more 
upon lead containing antimony .than upon pure lead, whilst 
weaker acid at a lower temperature acts the other way. Cf. also 
Mactcar ( Client. News, xli. p. 236). 

In the north of England those rolling-mills which sell the 
sheet-lead, to the vitriol-works, supply a special kind of 
“ chemical lead ” t which is made from tfie rrielted-up old 
chamber-lead, pipes, etc.; in this cas'e many impurities, especi¬ 
ally antimony,, froip v regulus”-valv<js, etc., get into the lead, 
which are supposed to improve its quality for acid-chambers. 

, Hochstetter {pull. Soc. Ind. da Not'd, 1890, p. 231) found that 
lead absolutely free ,-from copper'■ is strongly acted upon by 
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sulphuric acid, and that as little as 0-02 per cent. Cu protects it, 
as well as antimony. • Ill's results are based entirely on experi¬ 
ence made on the large scale, and they were not controlled by 
ascertaining any loss of weight. 

Napier and Tatlock (Chew. N£jts, xlii. p. 3^4) found that 
the action of sulphuric acid on letvl at the ordinary temperature 
ft accompanied by an evolution of hydrogen, which may cause 
bulging out of the closed lead vessels in which the acid is 
sometimes sent out for sale. 

The experiments of Veley (/ Soe. Chew, [mi, 1891, p. 211), 
according to which mixtures of nitrous and nitric «cid have a 
stronger action on lead than either acid by itself, have no 
practical bearing on the behaviour • of the acid in vitriol 
chambers, since, if nitric acid occurs there, it is always accom¬ 
panied by nitrous acid, and, what is far more important, the 
immense excess of sulphuric acid greatly modifies all conditions 
of*the case. . . 

4 . 

An extensive investigation on the action of sulphuric acid 
on lead made by myself together with K. Schmid l^as been 
published in Z. it/igcW. Client ., 1892, p. 642, also partly in /. Sec. 
Chew, hid., 1891, p. 146. I here give a very brief summary of 
our results, some of which are of great practical importance. 

j, At higher temperatures the puns/ lead in all cases resists 
both pure and nitrous sulphuric acid, with or without access of 
air, much better than “regulus metal ” $2 Pb, 18 Sb) or “hard 
lead” (i-8 per cent. Sb), or cv«n soft lead with only 0-2 per 
cent. Sb. lit the cold , lead with 0-2 per cent.'Sb, is very slightly 
superior to the purest lead ; regulus metal behaves lunch worse, 
and hard lead worst of all. • 

?.. Concentrated nitrous vitriol is always more active than 
pure acid. (n*thc case of somewhat dilute acid (sp. gr. 172 to 
1-76/ nitrous vitriol acts less than*purc acid on soft lead and 
hard lead, owing to a protective coating of lead sulphate being 
formed. K tljp acid is more dilute, the action is again stronger 
{cf. below). «in all’cases nitrous vitriol acts mort^in the presence 
than in the absence of air, 

3. Comparing two samples of soft lead, tile purer sample 
was found decidedly better; even a very flight proportion of 
bismuth (0-044 P er cent.) acts injuriously. 

4. It is altogether inadmissible to judjjc of thf resistance of 
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lead to sulphuric acid from the,quantity of the pas (hydrogen) 
evolved.' Soft'lead gives off at the ordinary temperature, after 
a week's contact, much gas; hard lead, although l6sing much 
more*weight, ver^ little gas (.,J, 7 of the theoretical quantity), 
probably owing to galvanic action. On this account, if sul¬ 
phuric acid is to be sent out in tightly-closed or soldcred-up 
leaden boxes, the)- shftuld not be made of soft, but of harfl 
lead, since otherwise the hydrogen may bulge up or burst the 
vessels. 

5 (a). Lead containing up to 0-2 per cent, copper (alloys 
containing piore copper cannot be homogeneously rolled (is in 
the cold acted upon by strong sulphuric acid more than pure 
lead; with nitrous acid there is not much difference. At 
ioo° C. all kinds of acid act in the same way on pure lead and 
on lead containing copper; concentrated pure acid rather less 
than concentrated nitrous .vitriol, but more than, nitrous vitriol 
ofsp.gr. i 72 (if No. 2). At 200 C., concentrated acid atts 
alike on pure lead and on lead containing 002 per cent. Cu; 
lead containing more copper is slightly less acted upon'by pure 
acid, but rath'er more by nitrous vitriol. 

(/>) Above 200 (225 to 255 ) lead alloyed with I per cent. 
antimony is far more strongly acted upon than pure lead (in the 
proportion of 26 5 to 1 at 225°); but lead containing 0-2 per 
cent, popper resists the acid at 235'' much better than pure lead 
in the proportion of 17, and at 255° in the proportion of 
1 : 26-5. 

6 (a). Pure soft lead gives no visible ev'flWrfcTTTrf gas with 
pure concentrated sulphuric acid up to 220 . From this point 
more gas-bubbles are cqntinually given off, and at 2C0 the lead 
is momentarily dissolved with strong fi’bthing, smell of S 0 2 , and 
precipitation of sulphur, the temperature rising to 275". 

(/;) The same lead, alToyc'd with 0-2 per cent, of copper, shows 
a visible evolution of gas only at 260’, regularly increasing up 
to the boiling-point (310"), at which the lead is very gradually 
dissolved.' 

(c) Soft leacly alloyed with 1 percent. Sb, gives with sul¬ 
phuric acid the f.rst visible gas at 175°, 'more strongly at 225°, 
and between 275' acid 280" there is life same turbulent, sudden 
solution as in the case of pure soft lead. [Bauer, Berl. Ber., 
i 8 '/ 5 , p. 210, (jouiVl similar results'^ according to him 073 per 
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cent, bismuth lowers the temperature of sudden decomposition 
from 240" to 1 Co".] . 

Hence the purest lead is subject to instantaneous solution by 
sulphuric acid at 260°. An addition of 1 per cent. Sb raises this 
temperature only about 20°, but 0-2 per cent./’u completely 
destroys this liability to sudden decomposition. 

* 7 - Tlje percentage of oyxgcn in lead is very slight even in 

extreme cases, and does not seem to have any connection with 
its liability to be acted upon by acid. Rut that liability, as may 
be imagined, is less when the density of the surface is mechanically 
increased. , 

■ s - The filial considerations in selecting the kind of lead best 
suited for constructing apparatus fop the manufacture of sul¬ 
phuric acid are as follows :— 

/•'or vitriol-chambers , /overs, tanks, japes, and all other 
instances where the temperature 'can rise hut moderately, and 
if rla inly never up to 200 C., the purest soft lead is preferable to 
every other description of lead, being - least*acted upon by hot acid, 
whethef dilute or lomentratcd, pure or nitrous. 

Any sensible proportion of antimony is in fluarh'all cases 
injurious; copper causes at least no improvement. This, of 
course, docs not apply to those cases where the lead requires an 
addition to its tensile strength, nor to that mentioned sub No. 4 
of packages for acid to be closed air-tight. Hence an addition 
of aboi'l o-2 per cent, antimony may Jje useful in the case of 
apparatus which is only in contact with to/d acid ; but with 
worm acid wen k»is percentage is to lie avoided. 

For very high temperatures, e.g., the hottest boiling-down pans, 
which ought not to be heated above 200' (', but may sometimes 
be raised to that point'd// addition of 8 1 to 02 per cent, copper is 
advantageous, while antimony should be avoided here under all 
circumstances (if. No. 6 b). That •percentage of copper has no 
acfiftn at 200", but only above 220 ; and in the presence of 
bismuth jt protects the lead from the sudden destruction some¬ 
times observed. . • 

9. Technical “ sulphuric vionohydra/e" at 5c? C. acts far more 
strongly on lead tha/'aconcentrated sulphuric add. [The “mono¬ 
hydrate” employed in bur experiments fuul attracted a little 
water and tested only 98-85 per cent. II..SO,: its action upon 
lead was 13J times that of ordinary concentrated acid 0^96-5*" 
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per cent. H,SO,. Fresh monotjycfrate of 99-5 or 9975 per cent, 
would', ito doubt, have shown even more action.] 

10. Nordhattsen fuming oil of vitriol acts upon 'lead much 
more strongly than ordinary concentrated acid. When it con¬ 
tains 20 per cent, free SO :! it has 32 times the effect of ordinary 
acid; stronger Nordhauscn acid has rather less effect than the 
20 per cent, acid, because a protective coat of lead sulphate is 
formed. At all events lead must not be brought into contact 
with Nordhausen acid. 

11. Nitric acid of sp. gr. 1-37 to 1-42 may be brought into 
contact wi114 lead at theuvdinary temperature , but no acid of less 
strength. Stronger acid than the above acts more powerfully 
upon leati, but no mor,e than concentrated sulphuric acid. 
Mixtures of concentrated sulphuric acid and strong nitric acid act 
very little indeed upon lead, much less than either strong sul¬ 
phuric acid or strong nitric,acid by themselves; ( such mixtures 
can be treated in lead vessels without any hesitation.* (Latbr 
observations have shown that this applies only to ordinary 
temperatures and when no moisture can be attracted from the 
air. Plot mixed acids act strongly on lead.) 

12. Mixtures (if sulphuric acid ami nitroso-sulphuric acid, 
partly also containing nitric acid, all of them originally contain¬ 
ing Ol per cent. N, but by heating to 65" C , brought to the state 
in which they can really exist in vitriol-chambers, give the 
following results:—If a^littlc nitric acid is added to di'utc sul¬ 
phuric acid, and the mixture is heated, a little UNO, is 
volatilised, but no' ■ nitrosyl-sulphuric acid i.^ormC^until the 
concentration has'reached sp. gr. 1-5. From this point oxygen 
escapes, and at sp. gr. 1768 the whole of the UNO, has 
vanished, SO.,Nil appealing in its stead: Inversely, nitric acid 
is formed from nitrous sulphuric add on diluting i.t; in the case 
of prolonged heating, this evidently takes place not by splitting 
up into HNO, and NO, but by absorption of oxygen' irom 
the air. 

The action of the acid on lead is least just about the lowest 
point where the hitrosyl-sulphuric acid is still capable of exist¬ 
ing. It increases.with its dilution, and hr proportion to this, 
evidently through the formation of nitHc acid, equally with its 
concentration, and later on rapidly so, the action of stronger 
sulphuric acid pim billing with that of nitrosyl-sulphuric acid 
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and nitric acid. The minimum action is between sp.gr. 1-5 and 
1 - 6 —that is Just at that concentration above or below which the 
acid ought not to be kept in vitriol-chambers. This proves tjiat it 
is not ratHilal to keep the acid in the first chamber .too strong 
(cf. Chapter VI I.). * 1 

Bismuth is generally (as shgwn above) considered very 
injurious the rcsisting-quality of lead for sulphuric acid. H. 
O. Hofmann {Min. Ind., v. p. 398) certainly stages that bismuth 
up to 2 per cent., or up to the amount usually found in com¬ 
mercial lead, does not affect its resistance in vitriol-chambers, 
and that it is far more important that -the surface, should be 
clean and smooth, to prevent droplets of condensed acid adher¬ 
ing to the lead. While the second,part must be accepted 
without contradiction, the first (concerning the bismuth) is con¬ 
trary to every other experience. In a special case which has 
come under m^ notice, two Glover'toivers behaved quite differ¬ 
ently, one of them going without lead repairs for thirteen years, 
the other one being damaged before two years were over. 
Analysis proved the lead to be of almost identical composition 
in both cases; but the first contained 0004, the ’second 0012 
per cent, bismuth. 

According to Junge {Sachs. Jahrcsbcr. f. Berg- u. Ihi/ten- 
wesen , 1895) some acid-makers prefer lead tlesilverised by the 
Pattinson process to that treated by the Parkes process, because 
the latte* is supposed to contain mopj zinc; but Hofmann 
proves this to be contrary to f^cts ; Parkes lead contains less 
zinc, but moie bismtith, than Pattinson lead.'’It is not denied 
that in concentrating-pans Pattinson lead stamjs ■better thart 
Parkes lead. This would be explained ljy the fact that Pattinson 
lead contains more copper and less bis*nuth than Parkes lead 
(cf. supra, p. 3.16) . * , „ 

Fluorides sometimes occur in Blende, and they may cause 
trouble, as they are converted into IIP in the Glover tower, 
and this afid contaminates the sulphuric acid. Prost (Chew. 
Zeit., 1902, p. 12)^asserts that even a very slight quantity of 
HP in sulphuric acid causes great wear and* tear of the lead 
of Glover towers and ‘chambers, not onl)' directly, but by facili¬ 
tating the corrosion by Sulphuric add and the'nitrogen acids. 
Most descriptions of blende contain only traces of fluorine, but , 
once he found 7 per ccnt^ ’ (The experiments quoted in The 
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original di> not show any esscn^ial'difference between pure acids 
and those containing up to 2 per cent. IIP in their action on 
lead. Gaseous IIP seems to act much more than that contained 
in sulphuric acid.) 

Abo.ut thy behaviour of nine towards sulphuric acid, I will 
only quote the fact that concentrated acid yields hydrogen, 
together with hydrogert sulphide, down to acid of t|)e formula 
S 0 4 IL, 5H./). .Acid of the formula SO,H.,, 6 H „0 yields pure 
hydrogen (Muir and Robb, Chan. Nails, xlv. p. 70). 

Hart (/. Soc. Chan, hid., 1907, p. 668) found the formation 
of easily fu.sible alloys.of lead with aluminium, tin or zinc to be 
the most frequent cause of the leaking of lead pans; bismuth 
has a similar but slower, action; antimony acts as well injuri¬ 
ously, but copper, arsenic, and silver very little, and copper, 
under certain circumstances, may even act as a protective agent. 
The physical condition of /.he lead is also of importance. 

Tin is not acted upon by acid of the formula S(),IK, 3II.T). 

* I* 

Behaviour of Sulphurous and Sulphuric Acid towards the 
* , * Oxides of Ni/> open. 

The reactions between the oxides and acids of sulphur and 
nitrogen are of extreme importance for the theory of the 
sulphuric-acid process in general, and for the recover}' of the 
nitrogen compounds in particular. 

The older researches in this field, of Clement-Hesormes, 
Dalton, Davy, Ucrzelius, Gay-Lussac, W. Henry, Gaultier de 
Claubry, De la Pfbvostaye, A. Rose, Kocnc^Wcltffpn, Rebling, 
and Muller,have how merely an historical interest. The modern 
literature of this subject begins with the labours of R. Weber, 
during the years 1862 tft 1867, published in the J.prakt. Chan., 
Ixxxv. p. 423, and c. p. 37 ; l’oggetidorff’s Annate#, cxxiii. p 341, 
cxxvii. p. 543, exxx. p. 277 ;»and partly in Ding/. polyt.J., clxvii. 
p. 453. Other very important papers have been published by 
Cl. A. Winkler (“ Researches on the Chemical Processes going 
on in the Gay-Lussac Towers,” Freiberg, 1867), by Rammels- 
berg (Bor., i87*2,«p. 310), by Michaelis and Schumann {ibid., 

1874, p. 1075). • ‘ ■ * - 1 

My own researches referring to this subject are found in the 
following publications :—1877 : Bert. Bcr., x. pp. 1073 and 1432. 
1878: Berl. Bfr..,*xi. pp. 434 and i'.?29 ; Ding/.poly/. J., ccxxviii. 
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pp. 70, 548, and 553, 1879: Ping!, polyt. J., ccxxx'iii p. 63; 

fieri. Her., xii. pp. 357 and 1058. 1881 : fieri. Her., xiv pp*2i88 

and 2196. 1882: fieri. Her., xv. pp. 488 and 495. 1884: (hem. 

Inti., 1884, [A 5. 1885 : J. Soc. Chan. I ml., pp. 31 and.447; fieri. 

Her., xviii. pp. 1376, 1384, 1391 ; J. Chan. Soc., xlv/'i. pp. 457 and 
465. 1888: Bert. Her., xxi. pp. 67, and 3223. iS8y: Z. angew. 

Phew., pp, 265 anc) 385. 1890: ibid., p. 195. 1899: ibid., p. 393. 

Of the different oxides of nitrogen, nitrous>o.xide, N„ 0 , need 
not detain us here. It is very slightly soluble in sulphuric acid, 
much less so than in pure water, as, once formed, it is not 
oxidised again into NO or higher nitrogen oxjdes; it is 
altogether lost for the manufacture of sulphuric acid, nor does 
it form any chemical compound with that acid. 

Nitric oxide, NO, was stated by Ilenry and i’lisson to be 
absorbed by oil of vitriol, if left a long time in contact with it, 
with formation, of nitrous pyrosulplnwic anhydiide (see below); 
bift Rentelius, Gay-Lussac, and many others have long ago 
refuted this statement, more especially Winkler [foe. eit., p. 58). 
In fact ’the sulphuric acid of the absorbing-apparatus cannot 
retain that portion of the nitrogen oxides which have been 
reduced to the state of nitric oxide; and from this follows the 
necessity of an excess of oxygen in the gas issuing from the 
chambers, since only this prevents the existence of nitric oxide 
in the same. Small quantities of nitric oxide may, hojvever, 
escape oxidation even in the presence (jf oxygen, anti are hence 
found in the chamber exit-gases, 

Tlie solubility ftf NO in sulphuric acid, although not nil, is 
extremely slight. Cl. Winkle,r already in 1867,shewed that ft 
is not absorbed by strong vitriol. Roll) also made experiments 
witli acids of varying concentration {JlulL Soc. Ind^Mn/honsc, 
1872, p. 225), ;»nd found that'acid of 1-841 does not absorb even 
tra ces o f NO ; acid of 1-749 to 1-621 merely traces (2 to 6 mg. 
to 100 g. acid); acid of 1-426 absorbs 0-017 g- NO; acid of 
1-327, o-ojo g. NO to 100 g. My own experiments (/. Soc. 
Chew. Hid., j885,*p. 447, and 1886, p. 82; also Jlerf. Her., 1S85, 
p. 1391, and 1886, p. m),show that concentrated O.V. absorbs 
per cubic,oentimctre'bnly 0-0000593 g. — 6-0735 c.c. NO, and 
acid of sp. gr. 1-500 only Tialf that quantity* , * 

In the presence of oxygen nitric oxide is absorbed by sul¬ 
phuric acid (Hussy, Winklcf); but then it is t-caWy nitrous Scid 
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which is absorbed; and Winkler was the first to prove that it is 
precisely the presence of sulphuric acid which causes the oxida¬ 
tion not to proceed beyond the formation of nitrous acid, the 
latter combining afterwards with the sulphuric Acid to form 
nitroso-tsulphi ric acid and water :— 

2SO,(OII),-i-N,O j --’SO,(OII)(()NO)+ 11 , 0 . 

In several of the above-quoted papers I have given clear 
proofs of the same fact, viz,, that on passing nitric oxide, 
together with a very large excess of free oxygen, through 
strong sulphuric acid, nothing but nitroso-sulphuric acid is 
formed, which means that 2NO take up only iO;„but once out 
of the range of the acid, immediately above it, the reaction 
2NO + O,— N, 0 , sets in, and this compound, when afterwards 
meeting sulphuric acid, yields equal molecules of nitric acid and 
of nitroso-sulphuric acid {vide infra). 

Nitrons Acid. —Real nitrous acid, UNO.,, is not lmowndn 
the pure state, only in that of dilute solutions. When dissolving 
nitrous anhydride, N, 0 „ in water, some nitrous acid A formed 
and rcrtiains dissolved in the excess of water, but much of it 
splits tip according to the formula :— 

3 NO.II .>NO + NO,!I 1 11,0. 

The anhydride, N.O., also called nitrogen trioxide, is known 
as a dark blue liquid which boils below o' ('. Wiltorf (Z. anorg. 
Chan., xli. 85) has obtained N, 0 , in the crystallised stftte. The 
vapours immediately dissociate for the most part into NO and 
NO., (with more <jr" less N„O t , according to temperature), but a 
small quantity of N., 0 ,, evidently exists even in the state of 
vapour. We shall not, here enter upon the much debated 
question concerning the existence of N., 0 , in the gaseous state, 
but merely quote the literature : Luck (/>V/ 7 . Her?, 1878, pp. 1232 
and 1643), Witt {ibid., p. 211?8), Ramsay and Cundall (J. Chew. 
Soc ., xlvii. pp. 187, 672), Lunge {ibid., p. 457 ; Z. anorg. Chan., 
vii. p. 209)^ Dixon and Petcrkin {Proc. Chan. Sue, May 1899, 
p. 115). II. Brycton Raker and Muriel Baker {Trans. Chan. 
Soc., 1907, xci. p. *862) have shown that in the dried condition 
gaseous N, 0 3 cad be mpst certainly obtained. • . 

Although there il; no doubt about the fact that most of the 
. “ nitrous vapours,” formerly considered as N., 0 ., in the state of 
gas k or vapoury is in reality principally a mixture of nitrogen 
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oxide (NO) and peroxide (which, for the sake of simplicity, we 
shall in tjjis case consider as N 0 2 ), with very little 
we must bear in mind the equally undoubted fact that a 
mixture of Jqual molecules of NO and N 0 . 2< behaves in all its 
reactions towards other chemical compounds exactly-as if it 
were N 2 0 2 . When passed into an alkaline solution, it quantita¬ 
tively yickls a nitrite: 

sNaOI 1 + NO + NOo - 2NaNO., + n',0. 

When brought into contact with concentrated sulphuric acid it 
is quantitatively converted into nitroso-sulphuric acijtl: 

’all,SO, + NO + NO, ---- aSO-NII + 11 , 0 . 

We have, therefore, the right to assume that such a mixture 
of equal molecules of NO and N 0 . 2 themicully comes to the 
same thing as gaseous N 2 0 .,; and -ivc shall throughout this book 
simplify jnany of our explanations and discussions by speaking 
of the above mixture as 'N 2 0 .„ although physically it is only a 
mixture*of NO and NO,. YVe are all the more entitled to do 
this, since there is no doubt that some N., 0 ,-exists in the 
gaseous state as such, and since, according to the law of mass 
action, this N 2 0 , must be constantly reformed when taken away 
by some chemical reaction. 

1 have all the more right to take this line, since everybody 
speaks o| distilling sulphuric acid or ( subliming ammonium 
chloride, although we know that on' distillation nearly all 
sulphuric acid is split up into S 0 3 and ILQ,-which recombine 
on condensation (cf. p. 287), and ammonium chloride in the 
state of vapour is mostly — N H ;j + IICl. 

Nitrous anhydride (nitrogen trioxidfy, N., 0 3 , dissolves in sul¬ 
phuric acid, all,the more easily when the latter is concentrated, 
but also, as we shall see, when it contains a certain amount of 
watSP^ 1 The reaction taking place is this: 

v . 2 11 2 S 0 , + N , 0 , -- 2SO-N 11 1 - 11 , 0 . 

Rammelsbet'g [toe at.) asserts that when nitrous anhydride is 
employed in excess, nitric*acid and nitric oxide are also formed : 

1 r ,S 0 , + 2N ,O s --= SO.NH +.IINO,+ 2 NO ; 

but this reaction only takes place in presence of water, and the 
formation of nitric acid anc^ nitric oxide must'be*regarded its a 
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secondary reaction, owing to'the well-known action of free 
nitrous acid on an excess of water. Where there, is enough 
sulphuric acid and no excess of water, Rammelsberg’s reaction 
does not conic intp play. 

The* compound, formed by the action of nitrous acid on 
sulphuric acid possessing the empirical formula SO,,NIT, has 
long been known, both in the solid state, as “chambcf-crystals,” 
and dissolved in an excess of sulphuric acid, as “ nitrous-vitriol ”; 
but its true composition as nitroso-sulphuric add has only 
comparatively recently been elucidated. 

The easiest way of preparing the chamber-crystals in a state 
of purity is by conducting sulphur dioxide into wcll-cooled 
fuming nitric acid until the whole mass has been converted into 
a magma, but not until the nitric acid has been entirely decom¬ 
posed, and drying the crystallised mass on a porous slab under 
a bell-jar over some oil of vitriol. Obtained in this way,„or 
collected in the connecting-pipes of gitriol-chambers or other 
places where there is a deficiency of steam, they, consist 
of four-cided.prisms or orthorhombic crystals; but generally, 
when prepared on the small scale, they appear as a scaly, 
feather-like, or granular mass, colourless and transparent. 
Their fusing-point is stated by Weltzien = 73 , by Gaultier de 
Claubry— 120 to 130 ; but they are partly decomposed before 
fusing; with evolution of red fumes. 

The composition of chamber-crystals was formerly uncertain ; 
the question was, in the language of the older chemists, whether 
they were a compound of sulphuric acid with nitrogen peroxide 
or with nitrous acid (nitrogen trioxide). Muller {/Inn. C/tim. 
anal '., exxii. p. 1) still pronounced for the former; but R. Weber 
proved iiU'1862, and more rigorously in the following year, by 
estimating all their constituents according to unexceptionable 
methods, that their formula must be constructed on the. .•-e-ond 
supposition. His results were as follows :— 
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This formula has also been confirmed by Michael is, and 
Schumann i/>rr., 1874, p. 1075), who at the same time main¬ 
tained, from the products of the decomposition of chailtbcr- 
crystals by phosphorus perchloride, that the compound whose 
molecular weight has to be halved must be ‘regarded as 

niirosnlphojtfcacid, SO.,( —that is, as sulphuric acid, one 

of whose hydroxyls is replaced by the nitro group, or as nitric 
acid, for whose hydroxyl is substituted the sulpho group. This 
mode of explaining the constitution of that substance cannot, 
however, be strictly maintained. Roth from its formation and 
the decomposition, it is certain that it does not contain the 
nitro group N 0 2 , but the nitroso group’NO. Its formula must 
therefore be written: 

, SOCono. m-S<b(On)(<>N<>), 

and it irfnst be called n^trcisyl sulphate, air nitrosyl-sulphuric 
acid, or nitroso-sulphuric acid, which means sulnhuric acid, one 
of whose hydrogen atoms is replaced by the nitroso group, that 
is the radical of nitrous acid, NO(OH). It is a mixed 
anhydride of sulphuric and nitrous acid, as is proved both by 
its formation and its decomposition by water. 

Jurisch gives to the chamber-crystals (“ Weber’s acid ”) the 
formula • li., 0 , O..S, SO., O.N.,. • 

There^xisls also a complete anhydr.ylc of nitroso-sulphuric 
acid, of the empirical formula, NcO.„ 2S0 3 , which is rationally 
written: s 




nitrogen tdtroacidc in the cold under pressure (l’rovostaye), or 
sulphuric anhydride with dry nitric oxide (IT Rose), or by 
heating sulphuric anhydride with nitrogen tetroxidc (Weber), 
none of which reactions are possible in the manufacture of 
sulphuric acid. • 

Neither is this the case wjth the compound produced by R. 
Weber {Poggend Annalcn, dxii. p. 602) by conducting sulphuric 
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anhydride into the most highly concentrated nitric acid, which 
lias the empirical formula N,Q ; ,, 4SO., 3ILO. , 

Nitroso-sulphuric acid is formed not merely as above 
indicated, but ip many other ways. We have already 
mentioned its, formation from sulphur dioxide and nitric acid : 

SO, HNO ;j II'-SO,(OH)(ONO). 

It is also formed when a mixture of strong sulphuric and nitric 
acids is heated, oxygen being evolved (A. Rose, and later on 
Lunge, cf. p. 343): 

J I ,S(), - 1 - IIN(>, = S( >,((.)11) (ONO) + 11,() + O. 

On the other hand, sulphur dioxide can form that compound 
even with the lower oxides of nitrogen, if there is water and 
(except with N i 0 4 , where this is unnecessary) oxygen present. 
In the perfectly dry state sulphur dioxide does not act on the 
dry nitrogen oxides; but'in presence of the smallest quantity 
of water “chamber-crystals” arc formed, if S 0 3 meets with 
XA, or with NO or NX), and oxygen. Winkler has shown 
that, ip an atmosphere of moist carbon dioxide, nitrogen 
trioxide does not form chamber-crystals with sulphur dioxide, 
but nitrogen peroxide does so, and he distinguishes N, 0 3 and 
N, 0 . 4 in this manner. The fumes of NX),, with an excess of 
SO, 2 and ILO, but in the absence of oxygen, give no chamber- 
crystals at all; they are decolorised, nitric oxide and sulphuric 
acid being formed. i( oxygen or air is admitted,' chamber- 
crystals instantly appear, andrthis is also the case when nitrogen 
peroxide meets,sulphurous acid in the 'presence of water. 
These observations of Winkler’s have been repeatedly con¬ 
firmed ; but we must npw add that what he called “ fumes of 
N, 0 3 ” is in reality mostly a mixture of equal molecules of NO 
and NO,, behaving chaujaillj like N,O t . 

As some points had not been entirely cleared up by jirevipus 
investigators, and there were partial contradictions among their 
results, I undertook a new investigation on the interaction of 
sulphur dioxide and nitric oxide , with or without the presence of 
water (Her/. Her., xiv. pp. 2196 el seqf which led to the following 
results:— ' 

1. Dry NO and SO, have no action upon one another, be it 
at the ordinary temperature, or at 50° or at too, provided that 
air and moisthre'are rigorously exc'uded. 
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2. NO, SOo, and water act in such a way that.as much. N .,0 
is formed as corresponds to the quantity of SO., originally 
present. A reduction down to N could not be established,* 

3. If NO and SO,, meet in the presence tjjf dilute sulphuric 
acid, of sp. gr. 1-455, no reduction of NO to N.,G takes place, 
even when there is a very large excess of SO, present, whether 
tlfc digestion be carried on for many hours at ordinary tempera¬ 
ture or at 60k Even with acid of sp.gr. 1-32 no reduction of 
NO by SO,, could be established. 

4. If NO, SO.,, and oxygen meet in the presence of water, a 

slight but distinct reduction down to N .,0 takes place*. If, how¬ 
ever, in lieu of* water, dilute acid of sp. gr. 1-32 is employed, no 
such reduction can be observed. * 

The bearing of these results on the theory of the chamber- 
process will be discussed later on (Chapter VII.). 

A further iiwestigntion by myself 'At/. At., xviii. p. 1384; 
J. them. Sot ., xlvii. [). 465^confirmed the ajuove results. It was 
shown that in the dry state nitric oxide combines with an excess 
of oxygen to form N., 0 , exclusively, or nearly so; dry nitric 
oxide in excess with oxygen yields NX), along with NX),; in 
the presence of water, NO with an excess of oxygen is altogether 
converted into nitric acid, if, however, NO meets O in im¬ 
mediate contact with concentrated sulphuric acid, there is no 
formation of either N., 0 , or IINO„ even with the greatest 
excess of' oxygen ; oxidation proceeds only to tire stage of 
NX)., which, however, is not formed in the free state, but is at 
once converted into Tiitroso-sulphuric acid : 

2 . 80 , 11 , + 2NO 1- 0-*2S0,(0H) (ONO) + hX )■ 

Outside the immediate Contact with the acid the reaction is 
again as before with dry gasts, viz. 2NO + 0 ,= NX),; that is, 
here NO is oxidised to a higher state than within the sulphuric 
acict*' 0 

A very elaborate investigation of the interaction between 
nitrous and tiulphurous acid was published byJXaschig {Licit. 
Amt., ccxli. pp, 161 ct seqi)., lie found a numoer of new com¬ 
pounds, and icctified some of the statements of I-'remy and Claus 
concerning compounds formerly described fty.th’em. He also 
discovered a very convenient method of preparing hydroxy- 
lamine. But as nearly all (Raschig’s experiments were made 

V 
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with, alkaline, solutions, and those which were performed with 
acid solutions were made under conditions utterly different 
front those of a, lead chamber, namely at the freezing-point, we 
cannot stop to giye any details of his results. Under the just- 
mentiemed circumstances, apart from N 3 0 and NO, amidosul- 
phonic acid, hydroxylamine, and ammonia are observed, but 
only in small quantities; and above the low temperatuies 
employed by kaschig the occurrence of those substances is 
altogether too uncertain and minimal to be taken into considera¬ 
tion for our purposes. 

- Ictioii of water on chamber-crystals .—These crystals arc very 
deliquescent; they absorb water rapidly from ordinary air. In 
contact with a little rftore water, they dissolve quickly with 
evolution of heat, much nitric oxide being given off. When 
introduced into a large quantity of water, they dissolve without 
visible evolution of gas ;• but in point of fact- nitric oxide is 
formed as well, also ritric acid, together with nitrous acid. This 
has led to many attempts at explanations, and Rammelsbcrg 
and Philipp have asserted that exactly j of the nitrogen appears 
as NO, ) as nitrous acid, and | as nitric acid : 

1 680 ,( 011 ) (ONO) + 9ILO - r 680 ,II., + 4 N 0 
+ 2 N 0 ,( 0 II) + 5 N,, 0 ,. 

Hut diis complicated and very unlikely reaction need not be 
assumed at all. Every fact observed in this connection can be 
quite simply explained by the, following reaction : 

. 80 ,( 011 ) (ONO) + 11 , 0 - 80 , 11,4 NO(OIl); 

that is, nitroso-sulphuric acid takes up the elements of water, to 
form sulphuric acid and nitrous acid ; the latter, as is well 
known, is unstable in the presence of an excels of water, and 
hence partly splits up into nitric oxide and nitric acid 

3NO.J 1 = NO ,11 + 2NO + II , 0 . 

In the presence of less water, nitrous anhydride 'can be formed 
from chamber-crystals, and escapes kt the shape of brown fumes 
(of course mostly dissociated into nitric oxide and peroxide): 

2 S 0 ‘,( 0 JI)( 0 N 0 )+ 11,0 - 2 SO, 11 ., + N, 0 3 . 

For nearly e'very purpose’ nitroso-tulphuric acid or its solution 
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in sulphuric acid may be regardcJ as a solution of nitroui acid 
in sulphuric acid. 

The behaviour of nitroso-sulphuric acid towar is sulphuric acid 
of various concentrations is of great interest* for our purposes. 
In concentrated oil of vitriol the crystals dissolve easily and 
without decomposition. This solution is stable enough to be 
distilled without losing any nitrous acid, whilst the isolated 
crystals are decomposed on being gently heated. I have shown 
( Z. angew. Che.m ., 1888, p. 661, and 1890, p. 447) that on distilling 
such a solution for four hours, when 40 per cent, of the sulphuric 
acid had passed over, the distillate contained only *5 per cent., 
the residue 95 per cent, of the nitrous acid, none of it having 
been destroyed. It is possible to obtain solutions of 1-9 sp. gr. ; 
they evolve with water nitric oxide, inflame phosphorus at 62 C., 
oxidise sulphur and many metals on distillation with evolution 
of ffO; heated* with ammonium sulphate to 1 Co they evolve 
nitrogen gas. Sulphur dioxide evolves niftic oxide ; but a solu¬ 
tion of nitroso-sulphuric acid in strong oil of vitriol (of 170^ Tw.), 
even oil long-continued treatment with dry sulphur dioxide, is 
onl)' incompletely decomposed, and on addition of water still 
shows the presence of nitrous acid by the evolution of brown 
vapours. This explains the fact (well known to manufacturers) 
that concentrated sulphuric acid contaminated by nitrous acid is 
on!)- wiih difficulty purified by sulphur dioxide. At a higher 
temperature sulphur dioxide decompose.! chamber-crystals with 
evolution of nitroms oxide (Ffcmy). Further statements 
respecting the behaviour of sulphur dioxide towards tjre solution, 
of chamber-crystals in sulphuric acid, the so-called “ nitrous 
vitriol,” will be made when examining the process going on 
within the Glover tower. It is > remarkable, and of grcLt import¬ 
ance for the practice of sulphuric-ac'd making, that even dilute 
acid ■ " f ,i-70 clown to 1-55 sp. gr. dissolve the crystals in the 
cold without decomposition ; the decomposition only commences 
when the specific gravity of the dilute acid has fallen below 1-55 
—that is, below the density of ordinary chamber ticid. 

Nitrogen peroxidep jvhettier in the state of a liquid or a gas, 

1 We shall generally give tlfis name to tile com^oiyid* formerly called 
“hyponitric acid’’and nmv sometimes “nitrogen tetroxide” or “nitrogen 
dioxide.” It is generally assumed mat in the gaseous s’ ate jt consists ofc a 
mixture of molecules of N0 2 and tLO,, of varying proportions, according to 
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strongly acts, on sulphuric rfcid. If, according to Weber, 
nitrogen peroxide, made by gently heating fuming nitric acid 
[and'therefore not rjuite free from nitric acid], be added to sul¬ 
phuric acid of diffpient degrees of concentration, thfc following is 
observed:—The strongest oil of vitriol, down to 17 sp. gr., 
absorbs the nitrogen peroxide without coloration. Acid of 1-55 
turns yellow ; here the nitrogen peroxide is probabty absorbed 
to a large extent similarly as by nitric acid, and no decomposi¬ 
tion, as represented by the equation on p. 341, has taken place, 
while this has to be assumed in the case of the stronger acids. 
Acid of I-‘49 turns greenish-yellow; of 1-41 intensely green; 
acid of 1-31 turns blue and evolves nitric oxide, which on apply¬ 
ing a gentle heat escapes with violent effervescence. Weak 
acids are only coloured for a short time. From this Weber 
inferred:—that acids of i-S to 17 combine with nitrogen per¬ 
oxide with formation of nitroso-sulphuric acid ; weaker apids 
simply absorb it ; and the inure dilute acids decompose it with 
formation of nitric oxide, nitrous acid, and nitric arid. The 
action of sulphurous acid on these mixtures is different accord¬ 
ing to their concentration. As mentioned above, the solution 
of chamber-crystals in concentrated sulphuric acid is but incom¬ 
pletely decomposed even by a prolonged action of sulphurous 
acid; but the yellow mixture of 1-55 sp.gr. and the coloured, 
more dilute, acids are decomposed with strong effervescence of 
nitric oxide, it will be shown afterwards what paPt all these 
reactions play in. the recovery of the nitrous gas in the manufac¬ 
ture, when; the object is first to absorb the gas in sulphuric acid 
of 17, and then again to liberate it from that solution. 

the temperature. At a low* leinperatme, < spt eially in the liquid state, it is 
= N s O|; above 140”—NO,* The tujlouiny are the intermediate pro¬ 
portions:— •• r 


V. 

Pit rout. 

N0O4 

IV 1 (Tilt. 

MJo. „ 

At 26-7 

So 

20 

39-8 

71 

, X 

„ f>02 

47 

-53 

„ *8o-6 

23 „ 

77 

» 135 * 

1 

99 


The formula'N^O iMi as again maintained by 1 ’iloty and Schwerin (Ber., 
1901, pp. 1SS7 and 2354), but Divers (Five. C/tem. Sue., xix. p. 283) declares 
ttv> true formula to,be NO,, viz., O : N (?, that is trivaient nitrogen combined 
with an ordinary bivalent and with a un&mlent oxygen atom. 
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Winkler gave a different account of the behaviour of liquid 
nitrogen peroxide from that of Weber. lie stated that it may 
be mixed with sulphuric acids down to 142" Tw., but tltat it 
yields a solution totally different from that of chamber-crystals 
in sulphuric acid, viz., a liquid of yellow colour a.,d constantly 
evolving red fumes. On heating, it effervesces and gives off 
stTeams ofogaseous nitrogen peroxide; if the mixture is made 
with sulphuric acid of 142 Tw,, the N 0 2 completely volatilises 
far below the boiling-point of sulphuric acid, so that the residue 
on dilution with water docs not decolorise potassium per¬ 
manganate. If, however, acid of I70 °Tw. has been* employed, 
the liquid on'heating certainly yields up the larger portion of 
its NO.,; but the residue behaves !ike*a solution of chamber- 
crystals in sulphuric acid, and on being mixed with water it 
evolves red fumes which can be prqved to be N.O.,, not NO.,, by 
them not forming any chamber-crystais with moist SO.,. 

Thcrc'are some essential differences burtween the statements 
of Weber and those of Winkler, more especially so far as the 
behaviour of nitrogen peroxide is concerned, which were.cleared 
up by my own researches (sec below). 

If concentrated sulphuric acid is mixed with a little concen¬ 
trated nitric acid , and sulphur dioxide is passed into the 
mixture, the nitric acid in the cold is only reduced to nitrous 
acid, which remains combined with the sulphuric acid ‘ this 
compound resists the further action rf the sulphur dioxide 
in the same way as the solution prepared from concentrated oil 
of vitriol and chamber-crystals. On the other hand, more dilute 
mixtures of sulphuric and nitric acid, below 17 sp. gr., are more 
or less easily decomposed by SO.,, in the ratio of their dilution. 

Since the labours of Weber and Winkler did not in all 
points agree wuh one another, and th<> subject seemed to call 
for another investigation, I undertook a long research ( Ding/. 
polyt. ccxxxiii. p. 63), the conclusions of which (also published 
in the Bcrbdkv., xii. p. 105S) are as follows :— . 

1. Nitrogen perTixide, under ordinary circumstances, cannot 
exist in contact with sulphuric acid, but at once splits up into 
nitrous acid,’which, with apportion of the, sulphuric acid, yields 
nitroso-sulphuric acid and nitric acid (dissolving as such) 
thus ■ 

N.O, + SO,(Oil), KO,(OH) (ON(J) 1 NO. II. 
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2. Nitrosorsulphuric acid, foil dissolving in an excess of 
sitlphuric acid, forms a colourless liquid, but onjy up to a 
certa'in limit of saturation, which is all the higher the more 
concentrated the sulphuric acid. This limit for add of sp. gr. 
1-84 is‘not yet reached at 55-34 mg. N 2 0 3 =jS 5 mg. SO.,(OH) 
(ONO) in 1 c.c. of acids 

3. Beyond that limit at first a yellowish tint tippears,‘of 

course with stronger acids only when more nitroso-sulphuric 
acid is present than with weaker acids. This took place with a 
mixture of sp. gr. 1-887 (made from pure sulphuric acid of 
sp. gr. 1-84), containing in 1 c.c. 147 mg. N. i O ;! = 372 mg. 
SO.,(()iI)(ONO), and also with acid of sp. gr. 1-706, containing 
in 1 c.c. only 56-7 mg. N„() ; ,= i90 mg S 0 2 (OII) (ONO). Since 
these acids also are rendered colourless by prolonged boiling, 
the excess of nitroso-sulphuric acid seems to be rather loosely 
held ; but the temperature of the water-bath is -.lot sufficient to 
affect it. ' 

4. The phenomenon observed by Winkler, a mixture of 
strong (vitriol, and nitrogen peroxide showing an orange-colour 
even when cold, emitting red vapours, and exhibiting a 
tempestuous evolution of nitrogen peroxide on being gently 
heated (which proves the existence of unchanged nitrogen 
peroxide), can evidently take place only when the mixture 
contains far more N.,p, than the strongest mentioned above, 
or the strongest ever occurring in sulphuric-acid wfirks under 
any circumstances. Many experiments of heating in the water- 
bath for a, prolonged period demonstrate the absence of free 
N., 0 , in all 'cases observed. Still less can the presence of 
nitrogen peroxide be ^assumed in more dilute acids; it is 
therefore "inadmissible to cite it as such in analyses. 

5. All nitrous vitriols, solutions of nitros'o-sulphuric acid 
in sulphuric acid, whether they contain nitric acid at the same 
time or not, on being heated far below their boiling-point 
assume a- golden-yellow or even darker yellow* colour, but 
entirely lose it again on cooling. This chAnge of colours may 
be repeated any. number of times. It hardly indicates a 
loosening of ,thc combination, sinqe this proves f o be very 
stable even at irfucfi higher temperatures; but it may rather be 
cojnpared to the deeper colour y/hich ferric-chloride solutions 
assume on being heated. 
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6. The stability of nitroso-si’lphuric acid in its solution in 

sulphuric acid is very" great, even at the boiling-point, piovicljng 
the sp. gr. is not below 170. It is true that on boiling itisome 
nitrogen is dways lost, and all the more the less concentrated 
the acid is; but if the boiling takes place so that the. vapour 
cannot condense and flow back, there is some nitroso-sulphuric 
a?id found in the residue, even from acid of sp. gr. 1-65 (cf p. 
339). But if the vapour is condensed and the condensing liquid 
(which, in the case of vitriol of sp. gr. i-8o or below, consists of 
very dilute acid or almost pure water) is allowed to flow back, 
a considerable loss is caused by denitration. , 

7. Down \o a concentration of sp. gr. 1-65 the affinity of 
sulphuric acid for nitrous acid, />., the tendency to the formation 
of nitroso-sulphuric acid, is so great that any nitric acid present 
at the same time, whether added as such or formed by the 
decomposition*of nitrogen peroxide, is reduced with loss of 
oxygen, find employed ty form nitroso-^dphuric acid. In the 
case of^acid of sp. gr. 171 and upwards, this transformation 
takes place almost completely afier a brief boiling, but at sp. gr. 

1'65 only incompletely. This is a further argument, against the 
existence of NX)., in the solution. 

8. Below sp. gr. 1X5 the nitroso-sulphuric acid possesses so 
little stability that, for instance, from acid ofsp.gr. iTosome 
nitrogi n oxides (but only a very small percentage-) are ejypelled 
in the wa.er-bath, and nearly all of them by boiling for a short 
time. In the case of acid of sp.«gr. 1-5, it is evident that, even 
without heating, tli? nitrous acid added is partly decomposed 
into nitric acid and nitric oxide; but after heutmg'for an hoilr 
in the water-bath a considerable quantity of nitroso-sulphuric • 
acid remains undecomposed, whilst another portioy has been 
converted into sulphuric acid." In the qisc of still weaker acids, 
of course these phenomena occur even to a greater extent; but 
it is very probable that even very dilute sulphuric acid may 
contain, while* cold, a little nitroso-sulphuric acid if rcducing- 
agents are absent. • 

9. Most of the nitric, acid present together with nitroso- 
sulphuric acid in diline acids (of sp. gr. j-5 and below) remains 
behind in the liquid even after prolonged bfiiljnjt. If, therefore, 
the nitrous vitriol of acid-works, in consequence of a faulty 
process, contains nitric together with nitrous acid, it cafinot 
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possibly be completely dcnitrgtcd by hot water or steam, in 
Which cksealower strength than sp. gr. 15 Is never reached ; the 
denitration can only be effected by rcducing-agents, such as 
sulphur dioxide in the Glover tower or mercury Si the nitro¬ 
meter. . In tfye latter it can be very clearly seen with how much 
more difficulty and slowness the denitration goes on in the 
presence of nitric acid. t 

10. The tendency to form nitroso-sulphuric acid is so strong 
that even on passing a large quantity of air (oxygen) through 
sulphuric acid together with nitrous acid, no oxidation of N 2 0 4 
or N., 0 , takes place, just as in the case of oxygen and NO. 

11. Nitrous acid cannot be absorbed by caustic-soda solution 
without loss, because a portion of it is decomposed into nitric 
acid and nitric oxide. 

12. The purple colour which is developed in nitrous vitriol 
by the action of reducing-agcnts is caused by a solution of 
nitric oxide in such yieids, and is possibly produced by a very 
unstable compound of nitrogen and oxygen, midway between 
NO and N., 0 ,. 

Although my experiments had decidedly proved (cf Nos. I 
and 4 of the just-quoted conclusions) that nitrogen peroxide 
does not dissolve as such in sulphuric acid, with formation of 
an unstable solution from which the N., 0 ., can be drawn off by 
heating, the former erroneous assertion of Winkler (since that 
time recognised as sujh by himself) did not vaft-ish from 
chemical literature, and, for instance, gave rise to a decidedly 
erroneous explanation of the process of Lasne and Jienker for 
carrying oh the work in the Gay-Lussac tower. This caused 
< me to investigate the subject once more (fieri. Her., xv. p. 488). 
I pointed out that mixtures of pure nitrogen peroxide with even 
somewhat dilute sulphuric acid, down to sp. gr. 1-65, behave 
quantitatively like mixed solutions of equal molecules ofjjjtrQso- 
sulphuric acid and nitric acids; that on prolonged heating in a 
water-bath such solutions in acid of sp. gr. 175 d»> not lose any, 
and in acici of sp. gr. 165 only very little;-of their nitrogen 
compounds. On'prolonged boiling part of the latter escapes, 
but a large quantity of nitroso-sulphuric 1 acid remains behind, 
more than that‘otjgfnally present, part of the nitric acid having 
_ passed into it with loss of oxygen. The idea of a “ loose ” 
uni6n between N., 0 , and ‘sulphuric acid must therefore be 
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entirely abandoned; and from this follows the fallacy of the 
idea held by some 1 r. .mufacturers that N, 0 ( is less eaydy 
absorbed by sulphuric acid than N.,() :: , and that therefore 
much N, 0 4 ' is lost in the Gay-Lussac tower. I directly dis¬ 
proved this idea by showing that vapours of 1 .trogen peroxide 
arc most easily, quickly, and completely absorbed by sulphuric 
a’fcid of sj» gr. 171, such as is used in the Gay-Lussac tower, 
and that this (colourless) solution is not changed either by long 
heating to 100° or by passing a current of air for a long time 
through it. 

A concluding investigation on the-behaviour.of nitrogen 
peroxide towards sulphuric acid has been made by myself 
together with Weintraub {Z. 1899, p. 393), of 

which I here give merely a summary of the results. 

1. The reaction between sulphuric acid and nitrogen per¬ 
oxide is reversible, since the nitric acid formed has some action 
on nitroso-sulphuric acid v forming sulphuric acid and nitrogen 
peroxide: 

11..SO, + N,0,^80.NH rHNO . 

In mixtures of sulphuric acid and nitrogen peroxide an equili¬ 
brium is formed, all four substances—sulphuric acid, nitrogen 
peroxide, nitroso-sulphuric acid, and nitric acid—being present 
at the same time. 2. In contact with concentrated sijjphuric 
acid (95 Y>er cent. ILS 0 4 ) nearly all /11c nitrogen peroxide is 
converted into nitroso-sulphuri<j and nitric acid. The inverse 
reaction sets in t& a sensible extent only when very little 
sulphuric acid is present in comparison with nitric ;(Hd. 3. The 

affinity of sulphuric acid for nitrogen peroxide quickly decreases* 
with the increase of water, so that in tlie case of sulphuric acid 
of sp. gr. 1-65 Jrc action of nitric acid qn nitroso-sulphuric acid 
begins to prevail; therefore very inuch of the nitrogen peroxide 
added remains in the free state, although the quantity of UNO.,, 
which is o»ly*formed by the reaction itself, is but small. 4. In 
the practice of Sulphuric acid manufacture, ^the quantity of 
sulphuric acid in the concentrated state so largely prevails over 
that of .tire nitric acid^ that all nitrogen 'peroxide may be 
practically regarded as quantitatively cRaqge’d into SO.N 11 
and IINO;,. This, of course, also holds good when absorbing 
nitrous gases in concentrated sulphuric afcid for analytical’ 
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purposes. * Therefore the conclusions No. i and No. 4 (pp. 341 
a»'l 342), although not mathematically exact, are to f all intents 
and [purposes valid. 

The tension 0)' nitrous acid in presence of dilute sulphuric acid 
at different tenjpenltures is a matter of great importance for the 
theory of the formation _of sulphuric acid in the lead-chambers. 
The first observations on this point were published* by SorSl 
( Z. angeiv. Cherny 1889, p. .272); but these have become obsolete 
by the far more extended observations published by myself in 
ibid., 1.891, pp. 37 ct seq. The following tables (Nos. 1, 2, 3, and 
4, see pp. 347-350) constructed from these indicate the loss of 
N., 0 ,, suffered by acids of four different concentrations, contain¬ 
ing quantities of N., 0 ., varying from 1 g. per litre upwards, in a 
current of air at temperatures from 50' to c)O r C. 

The behaviour of nitroso-sulphuric acid towards reducing 
agents is of the greatest importance, both for ,the chamber- 
process in general and.for the recovery of nitrogen compounds. 
The most important of the agents in question is sulphur dioxide, 
which acts as follows :— 

2 SO‘(OI 1)(ONO) + SO, + -11,0 -7,80,11, + 2 NO; 

that is, it forms with nitroso-sulphuric acid both sulphuric acid 
and nitric oxide. This is the leading reaction of the Glover 
tower, as we shall see hereafter; and it must also occur within 
the chambers, more especially in the first part of the sat. 

Sorel ( Z. angeiv. Chan., 18^9, p. 273) has shown that if a 
mixture of SO., and O is made to react upoti nitrous sulphuric 
acid and NG, tticre may be either a reduction of nitrous acid to 
1 NO, or an oxidation of NO to N., 0 ., (in the shape of SO r NH), 
according to variations in the following conditions: tempera¬ 
ture, dilution of the acid, proportiort between SO-, and O, per¬ 
centage of NO. The extremi- cases were well known before : a 
reduction takes place at high temperatures, in case of scarcity 
of oxygen and excess of water ; an oxidation in cpsa «of excess 
of oxygen, concentrated acid, and low temperatures. For the 
intermediate cases’Sorel made some special experiments, from 
which it followed thUt in identical mixtures an increase of the 
temperature from ,7 cf C. to 1 80" C. was 'sufficient to change the 
oxidation into reduction. At equal temperatures a reduction 
'took* place when the gaseous mixture contained 31 per cent. 
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I. Nitrons Vitriol pf Sp. Gr. 1-720 (say, 78per cent. IJ.SOj). 
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2 . slad of Sp. Gr. I-68C \say, 76 per, cent. II.,SO,). 
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3 - 35 ° 

2-100 

3-625 

2-236 

3-900 

2-362 

r 4-175 

2.500 

4 - 45 ° 

2-625 

4-736 

2-762 

5-ooo 

2.900 

5-275 

3-025 

5 - 55 ° 

3-150 

5-«50 

3-275 

6-125 

3412 

6-^00 

3-525 

6-700 

3 - 73 ° 

6-975 

3 S25 

7-250 

3-962 

• 7-536 • 

4.100 

7-825 

4-236 

8-100 


S 0 . 2 , ro per cent. O, 59 per cent. N, but an oxidation with a 
mixture of 21 S 0 ,;> i2„ O, 66-9 N, etc. The reaction of SO, on 
nitrous sulphuric ^cirf is nothing like so simple as previously 
assumed. If the acid exceeds the strength of 1-630 the SO 
kloes -not reduce thfc N.,Q :) to NO, but forms with it and’sulphuric 
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3- of Sp. Or. i 633 {say, 71-5 per cad. 11,80,). 


iiritfinjly 

present. 

Gram mips m 1 litre. 

. r *0 . 

Lo.ss of Nj 

), in grammes 

;it*r litre at 

/ 


GO*. 

70 

80 

.. 00 . 

* 1 * 

0-012 

0-025 

0-036 

0-100 

0-150 

2 

0-050 

0-075 

0-086 

0.225 

0-300 

3 

O-ICO 

0.150 

0-186 

•0-350 

0-436 

4 

0-162 

0-212 

0-300 

0-536 

o-61 2 

5 

0-212 

0-300 

0-436 

0-736 

o-S25 

6 

0-300 

0-425 

0-636 

1-000 

1*112 

7 

0-400 

0-562 

0-836 

1-275 . 

1-425 

8 

0.500 

0.712 

1-03(1 

1-550 

1 - 75 ° 

( ) 

o-6oo 

0-835 

1-236 

1-812 

2-062 

10 

0-700 

0-936 

14436 

2.086 

2-375 

11 

o-Soo 

1-125 

1-636 

2.350 

2-712 

12 

0-871 

1-262 

1-825 

2-636 

3-075 

13 

0-986 

1-400 

2-036 

2-900 

3-436 

14 

1-086 

1-536 

2.225 

3-175 

3-Soo 

. ‘ f 5 

I-IS6 

1-675 

2-412 

3-450 

4-162 


1-275 

1.800 

2-612 

3-725 

4-512 

17 

1-375 - 

1-936 

2-786 

4-000 

4-886 

18 

1-475 

2-036 

2-975 

4-262 

5-236 

o 

1-562 

2-250 

3 -l «6 

4-550 

5-600 

20 

1-662 

2.412 

3.400 

4-850 

5-986 


1-812 

2-612 

3-650 

5-6- 

6.4OO 


1-975 

2-812 

3-912 

5.512 

6.S62 

2 3 

2-186 

3-062 

4-250 

5-912 

7-425 

24 

2-436 

3-336 

4-612 

6-350 

8-036 

2 5 

2-700 

3-636 

5.000 

6 -8co 

8.662 

20 

3-000 

3 - 95 ° 

5-412 

7-300 

9-362 

27 

3*312 

A -300 

5-850 

7-812 

10.150 

28 

3-662 

4-636 

6 <125 

8-400 

f 1*000 

2-) 

4-025 

5-012 

6 812 

8-025 

11 -986 

30 

4-412 

5 - 412 . 

7 - 35 ° 

9-675 

13-125 

3 J 

4-Soo 

5-836 

7-650 

10-386 

14-500 

32 

sV> 

6-325 

8*575 

• 1 " , » 

16-362 


acid nitroso-sulphurjc acid, so long as\here is oxygen in excess 
and the atmosphere contains more N,0, than corresponds to 
the tension of the acid in question at that special temperature 
('/• above). Otherwise reduction to NO takes place. Acids 
below sp.gr.,I-Goo are able to fix N,0, under the same con¬ 
ditions, but'only ftt comparatively low temperatures; at higher 
temperatures there is reduction even in tiie presence of an 

excess of 0 and N„(*),. 

, „ “ •» | 

l'he previously mentioned blue o'r purple fin’d, formed by the 
action of reducing substances on nitroso-sulphuric acid, and, 
sometimes occurring in vitriol chambers^ is, according to I?urac-' 
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'4. Acid of Sp. Gr. l-6o (say , 69 per cent. H. 2 S 0 4 ). 


N|i()| originally 


Loss nf No(>. in grainmog per litre at 








<ii amines in 1 lilro 

4 


00' 

70 '. 

NO*. 

DO". 

— 

« 

• 

— --— 

— - 


I 

0-050 

0-086 

0-175 

0-336 

0-412 1 

2 

o-ioo 

0-236 

0-436 

0-725 

0-912 

3 

0 - 3=5 

°' 5 2 5 

0-775 

I-I 50 

1-500 

4 

0-562 

0-836 

1-250 

I-9IO 

2-IOO 

5 

0-812 

I-I50 

1-500 

2-120 

2-700 

6 

1-050 

1-450 

1 -900 

2-500 

3-350 

7 

1-286 

i-Soo 

2-350 

3-100 

4-II2 

8 

1*512 

2-150 

O 

O 

PI 

3-725 

4-900 

9 

1*750 

2925 

3-250 

4-336 

5-686 

IO 

1-975 

2-81 2 

3-712 

4-900 

6-475 

ii 

2-250 

3-162 

4-436 

5-265 

7-300 

12 

2-512 

3-536 

4-675 

6-325 

8-125 

13 

2-786 

3-936 

5*150 

7-012 

8-962 

14 

3-065 

4-250 

5.650 

7-700 

9-750 

15 

3 - 36 o 

.,4-612 

6-125 

8 -,(230 

11 -62 5 

16 

3-600 

4*975 

6-612 

9-125 

11-462 

1 7 

3-862 

5-350 

7-joo 

9-525 

12.250 

18 

4-150 

5-712 

7-600 

IO-462 

13-136 

19 

4-425 

6-075 

8-oS6 

11-350 

.3975 

20 

4-700 

6.325 

8-562 

II-850 

14-800 

-- - _ ._ 



— — 

-- 

— — . 


zewski and Zbijewski, a [)ro<!uct of the reduction of nitrous 
vitriol by SO.,, which they call “nitrosylic acid.” It can be 
reduced .still further by SO.,, as first asserted by YVentzki and 
then revoked by him (Z. aujgfa. Chan.. 1911, p. 39j). This 
product would behypoiiitrosylic acid" (Oesterr. Chan. Zcit., 
xiv. 235; Chan. Chi , 1911, ii. p. 1558). 

Another reducing agent whose action had formerly been 
'overlooked is carbon , in the shape of the coke employed for 
packing the Gay-Lussac tower. 1 have shown (/. Soe. Chan, 
fnd., 1885, p. 31) that coke has a very strong rcddcing-action on 
nitric acid dissolved in sulphuric acid, which goes far towards 
explaining the fact that the “ nitrous vitriol ” from the Gay- 
Lussac towers never, except under altogether exceptional 
circumstances, contains any nitric acid, even when considerable 
quantities of NX), had been present iirthc exit gases. But the 
reduction goes further.; some N., 0 ,, itself, in the' shape of 
nitroso-sulphuric aGcf, is by the coke reduced to lower nitrogen 
oxides and is thus lost. This has been proved by myself in my 
“laboratory ( Z. angew. C/iem.’ 1890, p. 995); and as it is a matter 
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of importance, we give the results obtained in the following 


table : — 


Material used. 




/I 




Percentage decrease. 

Turn* 

! Original 



pfliature j 

Tilin' percentage * 

(hours). in K-.0 3 , i 


flfthe N., 0 ., 


1 . 

•c. 

, gram lues. 

grammes 

N »<).{. 

originally 

present. 


I. Nitrous Vitriol of sp. gr. 1-8375. 


Gas Coke in lumps . 

15 

24 

i 8 - 9 J 

0-330 

i* 7 i 

,, „ . . 

14 

2 

1S.92 

0 - 539 * 

2-86 

>> M . 

10 

2 

19-30 

0-744 

3-84 

Oven Coke in lumps 

i 5 

24 

19*30 

0-285 

I-48 

11 . 

40 

2 

18-92 

0-362 

1-91 

0 m . 

70 

2 

19-30 

0-452 

2-34 

Gas Coke in powder. 

15 


19.30 

0-790 

4.09 

„ ,, . 

40 

2 

18.92 

0.858 

4-54 

-1 >> * • 

70 

2 

U 3.22 

0-903 

5-57 


IOO 

2 

10-22 

{•6ll 

28-43 

Oven Coke in powder 


24 

19-30 

0-379 

[•96 

„ » • 

40 

2 

18-92 

0-4 Si 

2-38 

„ * „ 

70 

2 

l6-22 

0-527 

3-25 

. 

IOO 

2 

16-22 

2-770 

17-08 


2. Nitrous Vitriol of sp. gr. 1-725. 


as (_ rkc in powdci . . i 

15 

24 

19-50 

0-333 

1 -98 

,, ,, . . , 

40 

2 

19-50 

0-574 

.2-94 

1, «>» • • | 

70 

2 

■9 5° 

o-S9i 

4-57 

M M * 

100 

2 

fy-50 

3*410 

17-49 




We sec from it that at 40'' C. two [lours’ cbntact.rcduccd the 
percentage of N., 0 ., by 2 4 to 4-5 per cent. ; at 70 1 the reduction, 
sometimes went as far as 2S per cent.* The latter temperature 
ought never tc^occur in a Gay-Lussac tower, but it* does occur 
regularly in Glover towers up to the top. The conclusion is that 
cokc-patking should be entirely avoided in Glover towers, and 
that it is not advisable even for Gay-Lussac towers (if. 
Chapter Vt)* , * 

Analysis*of Sulphuric Acid. 

| 

Qualitatively sulphuric acid is alvfays b£s^ recognised by the 
white precipitate of barium sulphide which it gives with barium, 
chloride, both in the free state and in the solutions of its^alts, * 

ft 
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even when very much diluted. _ Ttiis precipitate mostly settles 
down as a heavy powder, but in extremely dilute liquids 
occasionally appears only after some little time as a white cloud. 
Barium sulphate, is practically insoluble in water , solutions of 
salts, and free dilute acids ; in concentrated acids it is a little 
soluble, especially on ljeating, also in concentrated sulphuric 
acid itself and in solutions of ferric chloride. On the othfcr 
hand, in a very concentrated liquid free from sulphuric acid, but 
containing much hydrochloric or, especially, nitric acid, the 
addition of barium chloride may cause a precipitate of barium 
chloride itself or of barium nitrate, which, however, is distin¬ 
guished from barium sulphate by its crystalline appearance, and 
even more by vanishing on dilution of the liquid; barium 
seleniate is distinguished from barium sulphate by its solubility 
on boiling with concentrated hydrochloric acid, and by its 
behaviour before the blowpipe. The barium chloride reaction 
proves the presence of sulphuric acid either in its free state or 
in its salts. In order to find sulphuric acid in the /nr state in 
the presence of sulphates of acid reaction, either the alcoholic 
solution of the substances can be tested with barium chloride 
(free acid being soluble, but all sulphates insoluble in absolute 
alcohol); or the charring properties of concentrated oil of vitriol 
are made use of by evaporating the solution mixed with a little 
cane-sugar in a small porcelain capsule on the water-bath, and 
observing whether a blackening of the sugar takes place. This 
reaction, however, also takes place with the sulphates of very 
weak bases, such as alumina or ferric oxide ; nor can sulphuric 
acid be distinguished with certainty in this way from hydro- 
•<chloric or nitric acid; but in phosphoric, acetic, tartaric acid, 
etc., a very small proportion of sulphuric acid can be proved by 
this reaction. Another reaction for free sulphuvic acid, as well 
as for any other strong free acid, is that with methyl-orange: 
the latter does not change colour by adding metallic salts, but 
is changed by the smallest quantity of free sulphuric acid. 

In insoluble sulphates the acid is recognised by-fusing them 
with alkaline carbonates, or by boiling with concentrated solu¬ 
tions of the same tind filtering the solution of the alkaline sul¬ 
phate formed thereby from the insoluble carbonates, or with the 
, blowpipe, on charcoal, by the formation of sodium sulphide, 
according to well-known nlethods. i 
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The quantitative estimation of free sulphuric acid for technical 
purposes is almost exclusively effected by volumetric methotjror 
by the hydrometer. In both cases, of course, impurities will 
have a distw bing action ; but for technical purposes their influ¬ 
ence on the estimation of sulphuric acid may nearly always be 
neglected {cf. pp. 303 et seq .). The hydvometric estimation of 
sutphuric Acid has been already described in detail on pp. 299 
d seq. ; and we shall here only point out again that the tempera¬ 
ture must not be neglected in this case. 

The volumetrical estimation of free acid generally takes place 
by means of a standard solution of potash, soda, or ammonia. 
According to the degree of accuracy required, either a normal 
solution is used (that is, one containing* per litre an equivalent 
expressed in grammes), or a semi- or decinormal solution, etc. 

Formerly tincture of litmus was most frequently used as 
indicator. Litmus is not well adapted for working in artificial 
light: in tin's the red appears .almost as cl«ar as water, the blue 
like a dark violet; but the transition from bright red into 
purple, etc., cannot be seen with certainty. '1 his can be 
remedied by monochromatic light, if the artificial light is 
coloured yellow by common salt: the red appears clear as 
water, the blue like deep black ; and the transition is even 
sharper than in daylight. 

Litmus has, moreover, the disadvantage that it is sensitive to 
all weak atids as well, and that it is deotroyed by sulphuretted 
hydrogen. If, therefore, carbonates are to be tested with it, 
this must be done af a boiling heat, and the.boiling must be 
prolonged for some time. If any sulphides are present, an 
excess of acid must be .added, and a]J the 1 LS expelled by 
prolonged boiling; only then should the litmus be added, and 
the analysis finished by retitrating. (i This makes the application 
of litmus very troublesome in alkalimetry; in fact a real error 
is introduced by the necessity of long boiling, if this is done in 
glass vessels which yield up some alkali thereby. in«acidimetry 
this drawback is leffe felt, but only when the standard alkali is 
kept entirely free from carbonates, which is very difficult in the* 
daily practicfc of alkali worses. ’ . ,<» , 

Phenolphthalein has in many cases taken tlfe place of litmus. 
It is one of the most sensitive, indicators known, and the change 
from no colour in acid soliltions to a decided pink when the 
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faintest trace of free alkali is present, is easily noticed even in 
artificial light. Hut this indicator has ttvo drawbacks: it is 
too Sensitive even towards the weakest acids (, c.g . CO,), and it 
fails in the presence of ammonia. The former .circumstance 
entails-exactly th'fe same difficulties as in the case of litmus. 
Hence, while phenolphthalein is the best of all indicators for 
titrating weak acids, it is decidedly inferior to methyl orange vor 
the titration of alkalies containing carbonates or sulphides, and 
in the acidimetry of strong acids. 

The indicator which in alkali and acid works is now univer¬ 
sally employed is methyl-orange } This is sulphobenzene-azodi- 
methyl-aniline, or the sodium salt of this compound : 

(SO :j Na) C tl II r N,-C,II 4 N(CH 3 )., 

which is employed in an aqueous solution of l in 2000 water, or 
even more dilute, and a very small quantity of-the solution is 
used for each test. It is best kept in a bottle with a perforated 
cork, a glass tube drawn out to a point and inserted in the cork 
serving as a pipette for regulating the supply. Methyl-orange 
is orange in’neutral solutions or in the presence of free alkali, 
but is faintly yellow in very dilute solutions, and no more ought 
to be added to the liquid to be tested than suffices to colour 
it just perceptibly yellow. In this case a single drop of fifth- 
normal sulphuric or hydrochloric acid will cause a transition into 
red. But when too much of the indicator has been added, so 
that the colour of the solution, is orange, the transition into red 
(or, rather, in this case into pink) is only gradual, and the test is 
spoiled. Warm solutions behave in a similar manner. It is 
therefore a distinct rule to be observed with methyl-orange, to 
employ as little as possible of it, and to work always at the 
ordinary temperature. , This is made possible 'by the fact that 
methyl-orange is not acted' upon by weak acids, such as C 0 2 , 
H 2 S, acetic acid, etc.; and this is undoubtedly one of its most 
valuable properties, since the trouble and loss of.time in boiling 
the liquids, and the error introduced in the-case of glass vessels 
(which easily give up some alkali to the hot liquid) are thereby 
avoided. Both Nd,Q 0 3 and NaHCO., ckn be titrated directly in 

1 1 have proposed this name for the indicator introduced by me, in lieu 
of the commercial names of Poirrier’s Oange No. Ill or helianthin ( Chem. 
News, xliv. p. 288); and it has been gene.ally adopted. 
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the cold just as well as NaOld, the total available soda being 
always indicated. Sulphurous acid behaves in the manner 
explained supra (p. 275), that is, the compound Na.,Si 5 3 is 
alkaline, NaHSO., neutral, to methyl-orange. Oxalic acid, as 
well as other strong organic acids, come in between sulphurous 
acid and the strong mineral acids; no sharp results can be 
obtained «vith them, and hence oxalic acid cannot serve as 
standard acid with methyl-orange. On the bthcr hand, am¬ 
monia, which cannot be. titrated with phenolphthalein, behaves 
quite normally towards methyl-orange, just like potash and 
soda. The normal sulphates of peroxide of iron, ahimina, etc., 
which give ah acid reaction with litmus, arc neutral towards 
methyl-orange, so that any free acid pfesent with them can be 
estimated by means of this indicator. 

Methyl-orange is destroyed by nitrous acid. Nevertheless it 
can be easily employed in titrating sulphuric or nitric acid 
containing nitrous acid ii^two ways: either by adding the indi¬ 
cator shortly before the saturation is completed and quickly 
finishing the titration, or by supersaturating the aci.d with 
caustic soda and retitrating with standard acid. 

Nitrous acid acts upon methyl-orange like a strong mineral 
acid, and is therefore completely saturated before the pink- 
colour has changed to yellow, if there is not time for the colour¬ 
ing-matter to be destroyed. . 

The t.opieolins, formerly recommended as indicators, are 
nothing like so sensitive as methyl-orange, and are best not 
used at all as indicators, especially since sevetal totally distinct 
compounds are comprised under this hame, and the dealers do 
not always supply that which is really wanted. 

In the titration of sulphuric acid recovered from tjie “ vitriol- 
tar" produced in refining petroleum, etc., all indicators yield 
erroneous (too high) results, as they are affected also by the 
sulphonic acids present (I lausmann in Petroleum, 1911, p. 2301). 

Free sidphiwic acid (including that contained in.commercial 
ferric or aluminiunf sulphate,or any other sulphate) is estimated 
by adding a drop of methyl-orange solution, which produces 3 
pink colour,'and then adc^ng a standarfl.solution of alkali, till 
the pink tint has changed into pure fight yeHow. It is best to 
check this by reproducing the faint pink shade by means j>f a 
drop of standard acid. 
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The norma,! alkaline solution itself is best standardised by 
means of a normal acid, be it sulphuric dr hydrochloric acid; 
and This on its part is best standardised by pure ignited sodium 
carbonate, which'is easily obtained or prepared—-for instance, 
by washing and igniting sodium bicarbonate. Since, by excessive 
heating, traces of sodium oxide may be formed, it is best to 
merely heat the bicarbonate at 300" C. during art' hour. "If 
sodium carbonade, bought as chemically pure, dissolves in water 
without any residue, and shows by the ordinary reagents no 
chloride or sulphate, or only unweighablc traces of these, it can 
be used at Once for standardising normal acids after moderately 
igniting. If methyl-orange is used as indicator, this .round¬ 
about way need not be'taken, especially at works’ laboratories, 
but pure sodium carbonate itself can be used as acidimetrical 
liquid, cither in a normal solution containing 53 g. per litre or 
in more dilute solutions. ‘ The latter are more to be recom¬ 
mended, since the really normal solution causes effkfrescences 
of sodium carbonate at the lower ends of the burettes, etc., 
which cioes not happen with semi-normal or weaker solutions, 
at least not for some time. 

Although it is more important in alkalimetry than in acidi- 
metry, we will here treat of the standard acid itself. As such 
many factory-chemists use sulphuric acid, but we recommend as 
more suitable hydrochloric acid, both because it can be used for 
estimating alkaline earths as well, and because it admits of a 
twofold way of checking the standard, either volumetrically by 
pure sodium carbonate, or gravimetrically'by argentic nitrate. 
The.gravimctric estimation of sulphuric acid by barium chloride 
is nothing like so accurate as the estimation of I fCl in the shape 
of AgCl. .Oxalic acid, most strongly recommended by Mohr, 
and formerly used by v«ty ir^any chemists, has gYeat drawbacks. 
It is extremely difficult to prepare in the perfectly pure and dry 
state, without losing some of the water of crystallisation ; it does 
not keep ip weak solutions, and it cannot be --m-ployed with 
methyl-orange... 0 

For standardising normal acids, sometimes a solution of pure 
sodium carbonate is made, of which portions are taken out with 
a measuring-pfpette* For the most accurate estimations it is, 
however, always ^preferable to weigh each portion of sodium 
carbonate, directly aft^r igniting arid cooling, into the beaker, 
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since it is never possible to fneasure as accurately as to weigh, 
because, among other reasons, the volumetrical apparatus very 
rarely agree quite accurately one with another. In spite of the 
trouble, it should most certainly not be neglected to compare, 
in the first instance, the pipettes with all tht: measuring-flasks, 
in order to see whether the forpner fill the latter precisely ; 
secondly, 40 calibrate the burettes accurately, in which case it 
will often be found that the upper parts differ sensibly from 
the middle and lower parts, which causes a corresponding error. 
Of course the burettes must again be compared with the other 
measuring-apparatus. , 

The standard acid is made to represent equivalents , not mole¬ 
cules; that is, if sulphuric or oxalic acid, it will contain one-half 
of the molecular weight in grammes, viz., 49-04 or 63-03 g., because 
these acids are bivalent; but if it is the univalent hydrochloric 
or nitric acid,,it will contain the total molecular weight, viz., 
36*46 g. IIC 1 , or 63-02 g. NO..H. First of all, the acid is diluted 
a little less than necessary, and it is found out how many cubic 
centimetres of it are required for a certain quantity of sodium 
carbonate. From this the quantity of water is computed which 
is required for obtaining an exactly normal acid ; and after 
mixing this with the acid the accuracy of the standard is 
ascertained by repeated titration with sodium carbonate. Not 
less than 2 to 3 g. of the latter should be taken for each test. 
If litmus : s to be the indicator, to the alkaline solution drops of 
tincture of litmus are added till jt becomes very markedly blue, 
then acid till strong*effervcscence sets in ; and the liquid is now 
made to boil; then to the ho{ liquid gradually inofe and mote 
acid is added, till the blue colour has passed through the purple 
and reddish purple of the C 0 2 rcactioft to the bright red of the 
S 0 4 H, reactio". The liquid cooled by the addition of acic 
must be constantly heated again. Often, after several minutes 
boiling, flie apparently red liquid again turns purple and ther 
blue. Wh^n forking with boiling liquids there is never any 
doubt, to a single drop, respecting the point where the pu*e red 
sets in. The test must bq made in a porcelain capsule, not in a 
glass beakar, since the "lass may yielrj some alkali to the 
boiling liquid. Precisely the same troublftsqmi method musl 
be employed with phenolphthalcin. All this trouble is savec 
by using methyl-orange as indicator and working in the cofd. 
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When a perfectly accurate norma! acid has been obtained, 
the normal alkali, whether ammonia, soda, or potash, is most 
easily made from it; and this is now used for the acidimetric 
test of sulphur^ acid. Concentrated sulphuric apid must, of 
course, first be diltfced in the usual manner. 

The estimation of. sulphuric acid in sulphates has been 
described supra , p. 92, when treating of the analysisuf pyrites. 


Analysis of Fuming Oil of Vitriol. 

Several, publications have been made on tin's subject, e.g. 
by Furstenau {Chan. Zcit ., 1880, p. 18), Moller {ibid., p. 569), 
Becker {ibid., p. 600), Winkler {Chan, hid., 1880, p. 194), Clar 
and Gaier {ibid, 1881, p.251). We shall, in the first instance, 
principally describe the methods contained in Lunge’s Technical 
Chemists' Handbook, pp. 14.3-145, as derived from, practical infor¬ 
mation, with a few improvements. 

In the present case even the taking of the sample is not quite 
a simple task. Measuring it in a pipette is out of the question ; 
it must’ be weighed. But even for this purpose the article, if 
solid, must be first liquefied. This is comparatively easy with 
partly crystallised acid or with solid pyrosulphuric acid ; these 
can be liquefied without any danger in a closed vessel by gently 
heating to 30" in a sand-bath. Soldered-up tins are generally 
placed in a suitably heafed stove. There is no sensible loss of 
strength if the aperture for this purpose is previously opened 
and at once covered with a watch-glassn This prevents the 
production of an}' pressure within the vessel during the heating, 
which must otherwise be guarded against in opening it. The 
case is different with products containing a larger percentage of 
anhydride. These do not liquefy completely, -r. portion always 
remaining in the state of a gelatinous residue. This residue is, 
however, composed exactly like the liquid portion, so that the 
sample may be taken out of the latter without,, any danger of 
making a mistake. 

The sample *is weighed either ip glass bulbs or in a glass 
tap-tube. The foi'm^r (proposed by, Clar and Gaier) are very 
thin bulbs of abpifi ) inch diameter, ending each way in a 
capillary tube (Fig. 52). The liquefied acid (2 or 3 g.) is sucked 
int6 the bulb, without danger to Vie operator, by means of a 
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bottle closed with an india-rifbber cork, through which passes a 
tightly-fitting glass tap, connected at its free end with an elastic 
tube. Suction is applied to the latter, the tap is closed, the 
elastic tube is drawn over one of the capillary ends of the 
weighing-bulb, and by opening the tap a sufficient quantity of 
acid is admitted into the bulb. , ' 

* The capillary tube is cleaned and one of the two ends is 
sealed at the lamp, Ihe other end can be left open without 
fear of any loss of SO.,, or attraction of moisture during weigh¬ 
ing. I he weighing is best done on a small platinum crucible 
with two nicks, on which the ends of the bulb can jest. If the 
latter should be accidentally broken, the acid runs into the 
crucible, not on the balance. Then, the 
bulb, open end downwards, is put into a 
small Erlenmeyer flask, into the neck of 
which it shoujd fit exactly (Fig.’52), and 
which contains so much water that the 
capillary tube dips pretty far into it to 
prevent any loss of SO., on mixing the 
acid with water. Now break off the other 
point, allow the acid to run out, squirt a 
few drops of water into the upper capil¬ 
lary, and ultimately rinse the whole bulb- 
tube by repealed aspiration of water. 

Dilute the liquid to 500 c.c. and take 
50 c.c. for each test. The testing is "per¬ 
formed with fifth-r*>rmal solution of soda •' 

(1 c.c. = 0-008006 g. SO.,) ami litmus ,or methyl-orange as indi¬ 
cator. The acidity found is diminished by that proceeding from, 
SOo, found by titrating another sanqJte with iodine. 

In place cT the bulb-tube we prefer the glass*tap-tube, as 
shown in Fig. 53 - 1 he tap shoukJbe tight without greasing, and 

the tubfe below it should taper gradually. It is charged by 
suction, ip ,th£ same way as described above, with about 0-5 g. 
of Nordhausen acjd, no more, in order to be able* to Utrate it 
directly, without taking an aliquot portion. ‘After the proper 
quantity 0/ acid has’been introduced, the tapds closed, the tutW' 
is cleaned outside with Altering paper,'a»d itenay be weighed 
at once, without any fear of a change of weight during the 
operation. It is, however, preferable to employ a tui>e (as 
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shown in Fig. 54) ground into ary outer glass case, which is, of 
course, t,ared together with the'empty tuba 

i^fter weighing, place the tube point downwards in water, 
or, in the case of nearly pure anhydride or the strongest 
Nordhausen acids,411 a layer of crystallised, coarsely powdered 
Glauber’s salt, and slowly run out the contents. 

drop of water from abovg into the 
to stand for a moment, and rinse 
water. Anhydride once melted 
for the purpose of filling the tube 
remains liquid enough to com¬ 
plete the weighingand running 
out without requiring to be 
heated again. 

The most convenient appar¬ 
atus for weighing off fuming 
sulphuric acid (as well as other 
fuming-acidsor.substances evolv¬ 
ing vapours) is the “ bulb-tap 
pipette,” constructed by Lunge 
and Rey [Z.angcw. Chew., 1891, 
p. 165), and shown in Fig. 54, 
in which both the filling as well 
as the weighing and discharging 
are performed without*, any loss 
of vapours and without requiring 
any special aspirating apparatus. 
Above the tap a there is a bulb 
l>, rather less than an inch in 
diameter, and above this a 
second tap c. T)he lower por¬ 
tion of the pipette is ground into 
a glass tube d, closed at the 
bottom. In the conical part of the pipette there is.a groove e, 
reaching half-way down, the corresponding half of the groove f 
being in the outer,,tube. By turning the pipette in the latter, 
the tube d can be made to communicate »jnth the outer air, or 
the reverse. WJicn the' pipette is to be used, close tap a , suck 
at the top with the mouth, and before leaving off shut tap c , 
ko thpt the bulb /'.contains a partial 1 yacuum. Dip the point of 
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the pipette into the acid and tipen a ; the acid will rise up, but a 
is shut before it gets so iar, or even sooner, when enough has 
got in. Clean the pipette outside, put it into d , and weigh. In 
most ordinary cases (with other acids, ammonia, etc.) the grooves 
e and /arc made to communicate ; water is»squirted through c 
into b and then run through a, with the contents of the pipette, 
iqjo d , the t air escaping through e and f. The dilute acid is run 
into a beaker and titrated. In the case of Nordhausen acid it 
is preferable to take the pipette out of d, rinse the latter into a 
beaker, run the contents of the pipette, by opening a, into water 
or Glauber’s salt contained in the same beaker, then squirt water 
through c (during which time a may be closed), and rinse the 
pipette into the same beaker. The sucking at c is quite sufficient 
to produce the necessary rarefaction of air in b, and no vapours 
arc lost, as is inevitable with any other kind of aspiration. 

Very strong oleum (70 per ceift. £> 0 ; , and upwards) is best 
weighed in glass bulbs (p. 358) scaled at both ends; these are 
put into a bottle containing sufficient water, which is closed by 
a grountl-in stopper ; the bulb is smashed by shaking the bottle, 
and the titration is made. • • 

Brewster (/. Amer. Lhem. Sue , 1907, p. 1376) recommends 
running the sample, taken by a Lunge pipette, by means of a 
small glass tube, bent at a right angle at the bottom, into a 
small Frlenmeyer flask, containing 15 c.c. water, and washing 
the tube with a little water. The results are concordant up to 
005 per cent. 

Finch (/. Soe. CJietn Ind., 1910, p. 6257 Z. Scltiess- und 
Sprengwesen, 1910, p. 167) describes au apparatus for weighing 
off fuming O.V. Vernon {Chew. Zeit„ 1910, p. 792; J. Soe. 
Chew. Ind., 1910, p. 1067) describes fcn improvement on this 
apparatus. () • 

The sampling of solid sulphuric anhydride is not an easy 
matter. *This substance, which is now a regular article of trade 
and is sent. o,ut # in iron bottles, is much too compact and tough to 
enable a sample to.be taken out by means of an auger. Before 
using it, the iron bottles are always heated in a stove till the 
anhydride has completely liquefied ; but in tilts state the bottle 
on opening emits such a dense cloud of fiimts.that any sampling 
is out of the question. The way out of the difficulty is this :— 
In a stoppered bottle som^Tumps -of the soltd anhydride* are 
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weighed off on a large balance and arc then mixed with a 
sufficient quantity of accurately analysed monohydrated sul¬ 
phuric acid, to form an acid of 70 per cent. SO s , which is liquid 
at ordinary temperatures. The solution is promoted by gently 
heating the bottles, say to 30 or 40 C., with the stopper loosely 
put on. At last a sample is taken out by means of the pipette 
described above (p. 360) and the analysis performed in the 
usual way, taking account of the slight proportion of water 
present in the “monohydrate ” employed. 

Rosenlecher [Z. ana/. Chan., xxxvii. p. 209) describes the 
method eirplo) ed at Freiberg. A number of bulbs are made 
from a glass tube, 6 or 8 mm. wide, of the form shdwn in Fig. 55, 
and keeping them exactly to the dimensions indicated. The 
capillary ends are contracted before a spirit-lamp to J mm. bore, 
in the case of very strong anhydride to j mm. The bulbs are 



Fig. 55. 


filled by aspiration by means of a capillary rubber tube drawn 
over the shorter end, in case of need interposing a test-tube 
filled with soda crystals. The suction is continued until the 
acid arrives in Vne bulbs, before the heavy fumes enter the 
shorter capillary." All the bulbs are turned with the points of 
the capillaries upwards, cleaned outside, and placed in a paste¬ 
board box provided with nicks. The weighing is performed in 
a platinum crucible (p. 359) or on a specially made wire stand. 
No attraction of moisture need be feared during the weighing, 
but the bulbs must not be heated by touching them with the 
fingers. They are then placed in stoppered bottles, charged with 
20 or 30 c.c. water of ordinary temperature and the indicator, in 
such manner that the acid does not flow out. The wetted stopper 
"is put tightly in, tide bottles are placed sideways (up to this time 
the colour of the in'Jicato'r should not have changed), the bulbs 
broken by shaking, and then, after the white fumes have 
vanished, the titration is performed in the bottle itself. 
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Gaunt, Thomas, and Blfcxam (/. Sor. Chew. Im/., 1907 
p. 1175) describe in detail the method for sampling and'titrating 
fuming sulphuric acid, employed by Dr Mcssel. 

The resists of titration are first calculated for the total (com¬ 
bined and uncombined with water) SO,,, cath cubic centimetre 
of normal soda solution indicating 0 040 g. SO.,, and the propor¬ 
tion of frue SO , and H.,S 0 4 present is then read off by means of 
the following formula: SO., = S —4-444 (ioo~*S), in which S 0 4 
denotes the free sulphur trioxide, and S the total SO., as found 
by titration. 

This calculation is saved by the following table, computed 
by Knictsch 1901, p. 4114) : — 


SO, 

so.. 

so. 

so, , 

so. 

SO, 

Total. 

Free. 

Total 

Fkh‘. 

Total. 

Fr»'e. 

Total 

* 

Ftt'O i 

Total 

Fiee 1 

Total. 

Free 

8*1-63 

fe-0 

: «4-7 

16-7 

87-8 

33-6 

90-9 

5?*3 

94*0 

67-3 

97-0 

8.3-7 

81.7 

0-4 

84.8 

17-2 

t?7-9 

34-‘ 

91-0 

51-0 

94-1 

67-9 

97-1 

84-2 

81-8 

. 0-9 

1 84-9 

17-S 

88-0 

34-7 

901 

506 

94-2 

68-4 

97-2 

84-8 

81-9 

i-5 

85-o 

18-3 

88-1 

35-2 

91 *2 

52-1 

94-3 

69-0 

97-3 

85-3 

82*0 

2-0 

8S-I 

18-9 

88.2 

33-8 

91-3 

52.6 

94-4* 

i>9-5 

97-4 

85.8 

82-1 

2-6 

85-2 

19-4 

88.3 

36-3 

91-4 

53-2 

94-5 

70-1 

97-5 

86*4 

82.2 

3-1 

85-3 

20*0 

88-4 

36-8 

91-5 

53-7 

94-6 

70-6 

97-6 

80-9 

82-3 

3*6 

«5-4 

20*5 

88-5 

37-4 

91-6 

54-3 

94-7 

71*2 

97-7 

87.5 

82-4 

4-2 


21-0 

88-6 

37-9 

917 

54-8 

94-8 

71-7 

97-8 

88.0 

82.5 

47 

85*6 

21-6 

887 

38-5 

91-8 

55-4 

94-9 

72-2 

97*9 

88.6 

82-6 

5-3 

85.7 

22.2 

88-8 

39-o 

91*9 

55") 

95-° 

72-8 

98*0 

89-1 

82*7 

5.8 

85-8 

227 

88-9 

39-6 

92-0 

56-4 

95.1 

73-3 

9»-i 

89.7 

82-8 

r '*4 

8<.q 

23'2 

89-0 

40-1 

9-M 

57-o 

95-2 

73*9 

98-2 

90.2 

82-9 

6-9 

86-o 

23-8 

89-1 

40-6 

9=-' 

57-5 

95-3 

74*4 

98-3 

9°-7 

830 

7-5 

86*i 

24-3 

89.2 

4>-» 

92.5 

53-1 

95*4 

75-0 

98-4 

91-3 ! 

8 3 -i 

8*c 

86-2 

:<t-9 

89-3 

41-7 

92-4 

58.6 

95-5 

75-5 

98-5 

y J -8 

83-2 

8-5 

86-3 

25-4 

89-4 

42*3 

92-5 

39*2 , 

■95-6 

7&*i 

98.6 

92-4 

! 83-3 

9-1 

86.4 

26-0 

89.5 

•42-8 

9-4* 

39*7 : 

95-7 

76-6 

98-7 

92.9 

183.4 

9-6 

864 

26-5 

89 6 

43*4 

92-7 

60.3 

95.8 

77-1 

98-8 

93-5 • 

83-5 

10-2 

86-6 

27-0 

89-7 

43-9 

92-ii 

6o-8 

95*9 

77-7 

98.9 

94*o 

8J.6 

107 

867 

27-6 

89-8 

44-5 

92-9 

61-3 

96-0 

7§*3 

99.0 

94.6 

83-2 

1 r *3 

8i-8 

28-1 

89-9 

43*o 

93*° 

61 -9 

96-1 

7 5-8 

99*i 

95.1 

83-8 

II-8 

86-y 

28-7 

90-0 

45-6 

.93*1 

62-4 

96-2 

79-3 

99-2 

95-6 

83-9 

12-3 

87.0 

29-2 

90.1 

46-t 

93*2 

63-0 

96-3 

79-9 

99*3 

96.2 

84.0 

ft- 9 

87-1 

29-8 

90-2 

46*6 

93*3 

63-5 

96-4 

80*4 

99-4 

96.7 

84-1 

13-4 

87-2 

30-3 

90-3 

47--’ 

93*4 

64-1 

96-5 

81 -0 

99-5 

97-3 

84-2 

14*0 * 

-«7-3 

3°-9 

90-4 

47-7 

93-5 

64.6 

96-6 

81-5 

99-6 , 97-8 

84-3 

‘4-5 . 

87-4 

.31-4 

90-5 

48-3 

93-6 

65.2 

96-7 

82*0 

99-7 : 9«-4 

84-4 

iS-i 

«7-5 

31-9 

90*6 

48-8 

93-7 

65-7 

9»-S 

82.6 

998 

98.9 

84-5 

15.6 

87-6 

32-5 

907 

49-4 

93-8 

66-2 

*96-9 

83-1 

99*9 ! 99*5 1 

84-6 

16-2, 

87-7 

33-9- 

go-8. 

49-9 

93-9 

66-8. 

• 
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This table serves also for the frequently performed operating 
of mixing Nordhausen ackl of a certain^ percentage of SO', with* 
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concentrated sulphuric acid, in orller to produce an acid with a 
smaller'percentage of SO„. 'f his can be done by means of a 
formula given by Gerster (- Client. Zcit., 1887, p. 3), 


.v - 


[OO 


b - a 
a - c 


t K 

where .r represents the quantity of sulphuric acid which must be 
added to ICO parts of the Nordhausen acid ; <1 the total sulphur 
trioxidc in 100 parts of the acid desired ; b the total SO., in too 
parts of the Nordhausen acid to be diluted ; c the total SO., in 100 
parts of the ordinary acid to be used for diluting The values 
of a and b are taken froip the preceding table ; c is easily ealeu- 


80 

lated by multiplying the percentage of H.,S() 4 with ^ or 0816. 

An example will make this clearer. Supposing there is a 
Nordhausen acid of 25-5 per cent. SO, in stock, as well> as 
sulphuric acid of 98 -i per cent. 11 ,SG.„ and an acid of 19 per 
cent. S 0 3 is required, we have then •— 


a - 85.1 


/> — 86.3 ; c —■ 98 x o. 816 — 80.1. 


b 

x - 100 


a 


86 . 


85., 
- 80.1 


120 
5 


24. 


That in: by mixing 100, parts of acid of 25-5 per cent. SO., with 
24 parts of sulphuric aci'J of 98-2 per cent. 11 ,S 0 4 , Nordhausen 
acid is obtained containing 19 per cent. SO.,, [in reality the 
strength of the mixed product will be slightly below that 
calculated, since a certain loss of SO, is hardly avoidable in 
the manipulation.] , 

Prals (Ciem. Zei/., 1910, p. 264)£ives a formula for preparing 
Nordhausen acid oj giver strength, a denotes the quantity to 
be prepared, h the percentage of SO., required, x the weight of 
the Nordhausen acid to be used, with k per cent. SO,,, y the 
weight of the ordinary acid to be mixed with the Nordhausen 
acid of j per cenS SO.,: 


« 


(1) x — a x 


9 h -f 40(100 - s) 
9&+ 40(150-*?)' 


(2) 


a -W-' 1 ) 

9^ + 40(100 - s) 


Por sulphuric‘acid sp. gr. 1-840=95-60 per cent. If 2 S 0 4 , 100 
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~ s is = 4 ' 4 - If we assume 4-5'f to simplify the formula,'equations 
(r) and (2) become: * * , * 


( 3 ) -v - “ 

♦ 


x /l + 2 °. 
k+ 20 


( 4 ) .y 


a x 


k - /S 
/’ + 20 


Nordhausen acid generally contains some sttlphurous acid 
which mu.it be tested for and deducted from the total acidity, 
in order to find the sulphuric acid present. In. 2 '. angew. Chon., 
1895, p. 221, 1 have drawn attention to the fact that in allowing 
for the SO, sometimes a serious mistake is committed. The 
SO._, is always tested for by iodine solution, and i,s then sub¬ 
tracted from the total acidity. Here we must consider that the 
neutrality-point in the case of phcnolphthalein is reached when 
ISO, has been combined with 2NaOH, but in the case of 
methyl-orange only iNaOH is consumed for iSO... Litmus 
cannot be used,at all, as it gives utkqrtain results between these 
two limits. With methyl-orange t c.c. normal soda solution 
indicates 0-040 g. SO.,, but 0-064 g. SO,. ’ Hence for each cubic 
centimetre of dccinormal iodine solution only 005 c.c. of normal 
oro-i c.c. of seminormal solution of NaOli must.be deducted. 
If this is overlooked, a very serious mistake is committed; for 
since everything which is not present as S 0 3 or SO, is assumed 
to be water, the incorrect allowance for SO, will cause not merely 
a deficiency of SO.,, but a surplus of H ,0 ; and as this must be 
represented as combined with 4-444 its’ weight of water,'far too 
little free SO., is found. 

A practical instance will illustrate this.-’3-5662 g. fuming 
acid were diluted to 500 c.c. ai;d 100 c.c. ( = 0-7*1124gt) employed 
for each test. This consumed 5-40 c.c. iodine solution = 5-40 x , 
0-0032 = 0-01728 g. SO’ or 2-43 per Vent. SO,. On titrating 
with seminormad soda solution and methyl-orange, 3*4-40 c.c. was 
used. By erroneously deducting 0-2 x 5-40= 1-08 c.c., there 
remained 33-32 c.c. =0-6664 g. SO., or 93-70 per cent. The 
fuming acid-tljerefore would have contained 93-70 per cent. S 0 3 , 
2-43 SO,, 3-87 11 , 0 . The 3-87 11,0 is= 17-20 S 0 3 'and the free 
S 0 3 would be = 93-70- 17*20 = 76-50 per cent.-* 

In reality the 5-40<t.c^decinormal iodipe'cer responds toonty 
0-54 c.c. seminormal soda, leaving 32-S6 <?.c. t = 0-6772 g. S 0 3 = 
95-21 percent. Composition of the acid: 95-21 per cent. S 0 3 , 
24 3S0 8 , 2-36 1 I 2 0 , The ^36 ILjO is = 10-49 SO s , leaving$5-21* 
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—10-49 =‘84-72 P er cent, free SO:,. Hence by that erroneous 
calculation the factory committed an error of 8-25 per cent, to 
its own disadvantage! 

Exactly the same result is obtained when performing the 
calculation by mdwis of Knietsch’s table, supn'r, p. 363. 

We have' as already mentioned, assumed everything as 
H 2 0 which has not been found to be present as SOj and S€) 2 . 
l!ut it is advisable to estimate the fixed impurities as well, 
since otherwise their weight, multiplied by 4-444, is erroneously 
deducted from the free SO,,. 

Sctlik {{'Item. Zeit ., 1889, p. 1670) proposes to substitute the 
following method for the titration of Nordhausen acid by caustic- 
soda solution:—Fifty or 100 g. are weighed out in a long¬ 
necked flask, and water is dropped in very slowly from a 
burette, divided into c.c., till the fuming has ceased. During 
the operation the flask must be well cooled., In order to 
observe the finishing point, the flask must be agitated after add¬ 
ing each drop of water till the fumes have been entirely absorbed 
by the acid. When no fumes whatever are formed at the surface 
and a drop, frl-ling into the middle of the acid, dissolves quietly, 
the end is reached. Acid of more than 35 percent. SO., must 
be previously diluted with monohydrated sulphuric acid. Setlik 
claims that this plan is much more expeditious and quite as 
exact as the alkalimetrical way; but the analytical proofs 
adduced by himself do’’not bear this out (there are deviations 
up to 09 per cent. SO.,), and we can regard his method only as 
a test for internal'factory use, but not between buyer and seller. 

Rabe {Chem. 'Zeit ., 1901, p. 345) estimates the strength of 
fuming (or ordinary) sulphuric acid by utilising the fact that 
Nordhausen acid loses iVs property of fuming in contact with 
air as soon* as all its SO,, has been converted unto S 0 4 H 2 by 
the water present in ordiniry sulphuric acid containing less 
than 100 per cent. S 0 4 H,: 

<iH,S 0 4 +cH 2 0 + />H_,S 0 4 + rSO. t - flII,SO, + Hl,S 0 ; + rH 2 S 0 4 . 

We require, to begin with, to know the percentage of a 
certain sample of* string chemically pure sulphuric acid, say 95 
per cent. H.,SO}+£ £>er ceht. H,, 0 , which is ascertained in the 
usual way by titration. This acid we run from a glass-tap 
‘burette into a bSaker^containing 2$ c.c. of Nordhausen acid, 
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repeatedly agitating and blowing upon the acid (dooling is 
generally unnecessary), until thfc acid in the beaker duds not 
form any more fumes on shaking. Suppose we require for this 
24-8 c.c. of the acid A, containing 95 per cent. 11,0 and 5 per 
cent. H., 0 . If we wish to ascertain the sVength of another 
sample (/_/) of concentrated ordinary acid, we ruh this from a 
burette irjfo 25 c.c. of the same Nordhausen acid as before. 
Suppose we now require 30 5 c.c. of acid Z> ;.this proves that 

acitl /> contains “^^-=407 per cent. 11,0. If no impurities 

were present, this would mean a strength of 95-<43 per cent. 
ILSO,. : 

On the other hand, the percentage of SO a in Nordhausen 
acid can be ascertained as follows :—Starting with pure (say, 30 
per cent.) Nordhausen acid ((.’’), we run in concentrated ordinary 
acid D, and fin,d that 59-4 c.c. of ac'id^jO is required to make the 
fufhing id 25 c.c. acid C disappear. We now try an unknown 
Nordhausen acid li , and'find that 25 c.c. of it require 49-8 c.c. 
acid D.‘ This gives us the proportion 30: 59-4 = .v: 498 for the 

percentage of free S 0 ;i in acid E ; >;r= = 2*5-15 percent. 


SO r One c.c. of acid /) had indicated =0505 per cent. 


free SO.,; hence we need only multiply the cubic centimetres 
of acid /d. required for suppressing the" tunics of 25 c.c. of any 
unknown Nordhausen acid by the same coefficient, viz., 0-505. 

Rabc’s method yields very quick results,' and is probably 
quite suitable for rough tests, in the .ordinary routine of acid¬ 
making. There is no weighing, only measuring, and any colour 
or opacity of the acids Hoes not interfere with the test, liut as 
the difference of specific gravities is neglected, this forms an 
element of uncertainty, and this 1 is greatly increased by the 
evident Sifificulty of keeping a stock of exactly analysed and 
chemically pu{e concentrated and Nordhausen acid without any 
change. As commercial acids always contain certain impurities, 
these influence the results as well. The only real advantages 
of this method over that of Setlik are that,no pooling is requirdfi 
during the operation, and that the largfc arftount*of concentrated 
acid is more accurately read off than the small amount of vvater^ 
but otherwise Setlik’s method is preferable. '• 
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H, Howard (J. Soc. Chan, hid., 1910, p. 3) describes a 
methfid Tor estimating the strength of fu'ming (and ordinary) 
sulphuric acid by means of the heat of reaction produced on 
dilution with water {supra, p. 316). 

Nordhausen a£id is always sold by the percentage of uncom¬ 
bined sulphuric anhydride it contains (not taking any account 
of the pyrosulphuric acid, which is considered = SO./H-II 3 S 0 4 ). 
Thus “30 per cent. Nordhausen acid” means a mixture of 30 
parts by weight of S 0 3 with 70 parts of ll.,S 0 4 . The price of 

50., is relatively higher in weak than in strong acids, as in 
manufacturing it the 5 or more per cent, of water contained 
in ordinary “rectified oil of vitriol" must be saturated with 

50.. , each part of water requiring 4-444 parts of SO., to form 

11.. 5 0 4 , It is therefore decidedly more advantageous to dilute 
strong Nordhausen acid with the strongest obtainable rectified 
O.V., or still better with mon'ohydrated sulphuric acid. 

Detection and Estimation of the Impurities of Sulphuric Acid. 

The impurities of sulphuric acid are recognisable qualita¬ 
tively in" the following manner: — A residue found on evaporating 
sulphuric acid in a platinum crucible may contain sulphates of 
sodium (more rarely of potassium), of calcium, aluminium, iron, 
lead, copper, zinc, or other metals occur rarely in sensible 
quantity. Ammonium sulphate is sometimes present in some¬ 
what large quantities (tiintl, Chan. Zeit., 1879, p. 6,53). The 
individual substances are sought for by the ordinary analytical 
methods. Iron is already betrayed by the aolour of the residue 
after ignition, and can -also be detected in the acid itself, 
without evaporating it, by the ordinary reagents, such as 
potassium ferrocyanidc, potassium sulphocyanide, etc. Lead is 
often found as a white precipitate of sulphate an diluting con¬ 
centrated vitriol with water-t-further, by adding one or two 
drops of hydrochloric acid, by which white clouds are formed, 
which vanish on addition of more hydrochloric acid or on 
heating; with more certainty it is shown by diluting the acid 
with three or tour times its volume of strong alcohol. The 
precipitate must, of r course be examined “-further—for instance, 
with the blowpipe, by reduction on charcoal to metallic lead, by 
moistening with ammonium sulphide (which blackens it), etc. 

1 Arsenic is recognised in (dilute) sulphuric acid by sul- 
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phuretted hydrogen; more delicate than this is Reinsch’s test 
—diluting with equal volumes of water and pure hydrochloric 
acid, and immersing a bright copper foil, which, after gentle 
heating, is covered with a fast-adhering slate-grey precipitate, 
consisting of a compound of copper and arsefiic, Cu,.As,j (if the 
arsenic is present as arsenic acid, the reaction only sets in after 
longer he,-(ting). Most delicate is the detection of arsenic by 
Marsh’s apparatus, in which, on addition of pure zinc and water, 
the arsenic is given off as arseniuretted hydrogen, and is found 
by reduction in a red-hot tube (Berzelius) or by lighting the 
gas and holding a piece of porcelain in the flame, oivwhich any 
arsenic appears as spots. Since it is difficult to procure zinc 
absolutely free from arsenic, it is well to substitute aluminium 
foil for it. This test shows arsenic acid as well as arsenious 
acid; they can be distinguished by neutralising with ammonia 
and adding mjgncsia mixture: any precipitate thus formed 
mult contain the arsenic acid, the filtrate the arsenious acid. 
Marsh’s reaction is interfered with by the presence of sulphurous 
acid, nitrous acid, nitric acid, etc. 

Selmi (Gilts. Chim. ltd/., x. p. 40) asserts that arsenic can be 
detected in acids which give no reaction by Marsh’s test, by 
adding to 1000 g. of the acid 300 g. water and some lead 
chloride, distilling and testing the first portions of the distillate 
with sulphuretted hydrogen. 

Seybel,and Wikander {Chan. Zeit.jcp 2 , p. 50) prove the 
presence of arsenic in sulphuric or hydrochloric acid by the 
yellow precipitate of AsJ 3 , produced by the Addition of a solu¬ 
tion of potassium iodide. Sulphuric acid should be’diluted tb 
45° B., hydrochloric acid should be employed in the concentrated 
state. The reaction is interfered with by free chlorine, ferric 
salts, nitrous acid (which equally cause _a yellow coloration by 
the formation of free iodine), and by lead, which forms yellow 
PbJ 2 . (Uiifortunately commercial acids mostly contain one or 
the other of tlif.se impurities.) 

According to Dawdow (Chcm. Ccntr., 1895, i. p. 811), Rosen¬ 
heim (Chan. News, lxxxiy. p. 277), and Beriy (/. Soc. Chan v 
Ind ., xx. p.. 322), seli>>iii\'ii interferes w,ith the Marsh test. 
Schindelmeiser (Chan. Ccntr., 1902, ii. p. 960) found that no 
AsH 3 is given off until all selenium has been precipitated by „ 
zinc or aluminium in the Marsh apparatus. Selenium, eithet as 

2 A , 
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scleniate or selenate, also forms precipitates with potassium 
iodide very similar to Asl :i , so\hat Seybel and Wikander’s test 
is also interfered with. 

Although the minute rules laid down by the Arsenic Com¬ 
mittee .of the Lbwdon Section of the Society of Chemical 
Industry (/. 'Sue. Client,. Ind.„ 1902, p. 94) refer to the examina¬ 
tion of beer, brewing-materials, food-stuffs, and fuels for arsepic, 
we shall reproduce here that portion of them which can be 
applied also to the examination of sulphuric acid. The Com¬ 
mittee recommend to apply the Marsh-Berzelius test. 

1. Pure. Reagents —To half a litre of “pure” sulphuric acid 
a few grammes of sodium chloride are added and the mixture 
is distilled from a non-tubulated retort, the first portion of 
about 50 c.c. being rejected. One volume of the distilled acid 
is diluted with 4 vols. of water. Zinc, free from arsenic, can be 
obtained from the dealers' in fine chemicals,, It should be 
regranulated by melting it and pouring it from some height 
into cold water. Mr A. II. Allen hofds it to be essential that 
the zinc should contain a trace of iron. 

2. Apparatus .—A bottle or flask, holding about 200 c.c., is 

fitted with a doubly-bored cork, india-rubber stopper, or with a 
ground-in glass connection, carrying a tapped funnel holding 
about 50 c.c. and an exit-tube. The latter is connected with a 
horizontal drying-tube, containing, first a roll of blotting-paper 
soaked in lead-acetate solution and dried, or a layer, of cotton¬ 
wool prepared in a similar way, then a wad of cotton-wool, then 
a layer of granulated calcium chloride, and finally a thick wad 
of cotton-wPool. To this.tube is fitted a hard glass tube, drawn 
out into a thin tube of such external diameter that at the place 
where the arsenic mirror is expected the tube just passes 
through a No. 13 Birmingham wire-gauge (1F0092 in.). A 
good Bunsen flame is used to heat the wider part of the hard 
glass tube close to the constriction. About 1 ini of tube, 
including the shoulder, ought to be red-hot,. fy. piece of 
moderately fine copper gauze (about I in, square), wrapped 
round the portion of the tube to be, heated, assists in insuring 
an equal distribution, of heat. ■ •« 

3. Mode of' Testing .—•({bout 20 g! of zinc are placed in the 
t bottle and washed with water to clean the surface; all parts of 

the apparatus a ft connected and sufficient acid is allowed to 
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flow from the funnel so as t6 cause a fairly brisk evolution of 
hydrogen. When the hydrogen flame (which duiing the 
heating of the tube should be kept as uniformly as possible a 
\ in. high) burns with a round (not pointed) top, all air has 
been removed from the apparatus. The BufiSen burner should 
then be placed under the hard glass tube, as described, and 
m»re acidi(io to 20 c.c.) run in as required. With good 
materials no trace of a mirror is obtained within half an hour. 
Great care must be taken that, when additions of acid are made 
to the zinc, no bubble of air is introduced, since in presence of 
air the arsenic mirror may become black and uneven, whilst it 
should be brown. 

Should the blank experiment not lie satisfactory, it must be 
ascertained, by changing the materials methodically, whether 
the fault lies with the acid, the zinc, or the apparatus. 

4. Preparation of Standard .1 furors .—A hydrochloric-acid 
solution r>f arsenious ox[dc, containing pool mg. As,() (i per 
cubic centimetre, is prepared by diluting a stronger solution 
with distilled water. Two c.c. of this solution arc introduced 
into the apparatus. If the zinc is “sensitive,” a’distinct brown 
mirror is obtained within twenty minutes. (Some “ pure” zinc 
is, from a cause at present unknown, not sensitive.) The 
portion of the tube containing the arsenic should be sealed off 
while still filled with hydrogen. Mirrors are similarly made 
with o-oo. r , 0-006, o-ooS, and 0 01 mg. <- f arsenious oxides. The 
first stage of every test must l>c blank for at least tweyty 
minutes. * ", 

Arsenic in both states of oxidatfon can be detected and 
estimated by the procedure described. * 

The proof that the mirrors are Arsenical is pbtained as 
follows:—The flarrow portiofi of the tube containing the mirror 
is cut ofif^the hydrogen replaced by air, and the ends scaled up. 
The tube is then repeatedly drawn through a Bunsen flame 
until the mi.riir has disappeared. On cooling, minyte sparkling 
crystals of arsenioas oxide deposit, which can lye readily identi¬ 
fied under the microscope* With this test quantities of 20 cf. 
will give pn‘ indication 'in *th 4 presence of 0600015 yer cent., or 
I part arsenious oxide in 7,000,000. ' • 

I have thought it right to quote this method ; but (as is the m 
case with some which follow) it is reajly too dt-licate fof the 
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purposes of the acid-maker, from vtfhom it cannot be demanded 
that liis v purified ” acid should 'contain lesS than i part As 4 O e 
in 200,000 of sulphuric acid. It is acknowledged on most sides 
that acid containing such a minimum of arsenic can,be employed 
even for. the purpe!*; of manufacturing glucose, tartaric acid, and 
other substances intended for.human consumption. 

Bertrand {Bull. Soc. Chim. [3] xxvii. No. 16; Cht.m. News, 
lxxxvi. p. 191) concentrates the arsenic in not more than 30 to 
60 c.c. of liquid in the hydrogen apparatus. The oxygen is 
entirely driven out of the apparatus, after putting in the zinc, 
by pure CO, taken from a bottle of liquid CO.,; this takes only 
a few minutes Then one or two drops of dilute platinum 
chloride in 10 c.c. of dil'ite sulphuric acid (1 : 5) is added, and 
after ten minutes the arsenical solution is introduced. The gas 
is dried by cotton-wool, previously heated to 120’ C. It is 
passed through perfectly cl/ean glass tubes, which, are chosen all 
the narrower the smaljer the quantity of arsenic expected; eg., 
only 1 mm. wide, if less than . mg. is present. The end is 
drawn out very fine for several centimetres, about 10 or 15 cms. 
from the plate' where the ring is to be formed. A space of 
about 20 cms. length of this tube is heated to nascent redness. 
If the tube is thin, nothing else need be done; if it is of thick 
glass, a space of the above length should be confined on both 
sides by a band of filtering-paper kept moist, so as to prevent 
the ring from spreading, too fast. In this way one-llrousandth 
of a milligram or even less can, be detected ; but of course the 
greatest care must’be taken not to introduce it by the reagents. 
Such exceedingly slight mirrors must be kept from oxidising 
by sealing the tube while filled with hydrogen. 

Parsons and Stewart*'(/. Amcr. Chan. Soc., 1902, xxiv., p. 
1005) show that in the presence of'iron some arsenic is retained 
in the Marsh-Berzelius flask,Tmd hence iron should be avoided 
if quantitative results are required. 

For the ,Reinsch test very detailed prescriptions, are given 
by A. H. Allen, in J. Soc. Chcm. Ind., 1901,'p. 28F, and by the 
Manchester Brewers’ Association, ibid., p.646; but these also 
refer to beer, gluc*os"e,.etc. t '• 

A third testj proposed by Gutzeit, is frequently preferred on 
.account of its simplicity. It consists in allowing hydrogen, 
contSining arsenic, coojed as in the Marsh test, to act upon solid 
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silver nitrate, deposited by dfying on a piece of, blotting-paper. 
Convenient forms o'f apparatus for this test have been con¬ 
structed by Kirkby (/. Soc. Chan, hid., 1901, p. 281), by Tyrcr 
{ibid., p. 281), and by Dowzard {ibid., 1900, p. 1145). Cf also 
Hehner {ibid., 1901, p. 194), Bird {ibid., 1901 * p. 390), Richardson 
{ibid., 1902, p. 902), and Gotthclf {ibid., 1903, p. 191). 

4 For sulphuric acid specially Bettendorf’s test is also 
employed, in which a solution of stannous chloride in its own 
weight of strong hydrochloric acid is added to the solution to 
be tested. In the presence of arsenic a brown colour and, later 
on, a black precipitate are formed much more qflickly when 
heating. According to Mcssel (/. Soc. diem, hid., 1901, p. 192) 
O-Ol mg. AS, ( O 0 can be detected in 1 c.c. sulphuric acid by this 
test. 

' The detection of arsenic has been most thoroughly treated 
in a Report of» a Committee appointed by the Commissioners 
of’lnland Revenue, of wljich Professor T»K. Thorpe was Chair¬ 
man. They recommend, in the first instance, Rloxam’s electro¬ 
lytic method for the reduction of the arsenic to arseniuretted 
hydrogen, which has been worked out in the Government 
Laboratory. The apparatus serving for this is illustrated and 
minutely described in the Report. It is somewhat costly, and 
of course only applicable where an electric current of sufficient 
intensity is available. Therefore in many cases the zinc method 
will be preferred, in spite of its drawbacks. This latter method, 
as described in the Report, agrees in most .respects with the 
prescriptions laid (town by the Arsenic Committee of the 
Society of Chemical Industry {supra, p. 370); the deviations 
comprise only some certainly not unimportant details. The * 
size of the apparatus employed and the amount of zjnc and acid 
are much smaller, the rate o‘f evolution of the gas is less, and 
the arseryc is depressed over a smaller area of glass (/. Chcm. 
Soc., vol. Ixxxiii., p. 974; J. Soc. diem, hid., 1903, p. 965). 

Further impurities of sulphuric acid. Hydrochloric acid 
(from the cGmmoif salt present in the nitrate»of soda) can Le 
proved by nitrate of silver, after having diluted the acid, silver 
sulphate . bfeing also ve£/ little soluble^ hydrofluoric acid is 
found by heating in a platinum dish covered by a glass plate 
coated with wax and containing scratched-in figures ; sulphurous, 
acid is found by the decofbrisation of a weakly blue solution 
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of iodised starch, or very accurately by reduction with zinc or 
aluminium to sulphuretted hydrogen, which is recognised by its 
turning lead-paper brown or by colouring purple an alkaline 
solution of sodium nitroprusside (cf. pp. 274 et seq .). 

The..oxygen ad,'/pounds of nitrogen are nearly afways present 
in the sulphuric acid of trade. They are recognised in the 
simplest manner, and with nearly as much precision«as by any 
other test, either - by the decolorisation of a drop of dilute 
solution of indigo on heating, or by carefully pouring a solution 
of ferrous sulphate on the acid contained in a test-tube, so that 
the liquids*do not get mixed. In the presence of traces of 
nitrous acid or of higher nitrogen oxides a brown ring will be 
formed at the point of "contact; if more be present, the iron 
solution is coloured brown or black ; but after some time it 
loses colour again, especially if it has become warm by the 
reaction. Selenium also ogives a red ring similar to that 
produced by traces of, nitrogen oxides; but the colour, instfcad 
of gradually vanishing, after standing for some time turns into 
a red precipitate at the bottom of the test-tube. Nitrous and 
hyponitric acids are also recognised by turning blue a solution 
of starch containing potassium iodide. 

The most sensitive reagent for nitrogen acids is diphenyl- 
amine , which is most conveniently employed as a solution of 
0-5 g. in 100 c.c. concentrated sulphuric acid, diluted with about 
20 c.c. of water. A fe\v cubic centimetres of this solution is 
poured into a test-tube or cortical glass, and the solution to be 
tested is carefully 'poured over it, so that "the liquids mix only 
gVaduaily. " If traces of nitrogen acids are present, a fine blue 
colour is produced at the point of contact. But as all other 
oxidising substances, als& selenious acid, produce the same blue 
colour, errors may occqr through'the (very frequent) presence 
of selenium, which gives the'-blue reaction with diphenylamine 
even in the absence of any trace of nitrogen acids. It is there¬ 
fore necessary to test first with ferrous sulphate, as described 
above. , ■> 

As I have shown in Z. angeiv « Cheni ., 1894, p. 345, the 
diphenylamine heaetjon is best employed in the following 
manner: 0-5 g. white diphenylamine is dissolved in 100 c.c. 
.pure strong sulphuric acid, adding 20 c.c. water; the heat assists 
in dissolving th'e substance, and f.he reagent keeps in well- 
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stoppered bottles \ long tirfle without turning brown. When 
testing for nitrogcif acids, pout a few cubic centimetr.es of the 
specifically heavier liquid into a test-tube and carefully pour the 
specifically lighter liquid on the top, so that the layers only 
gradually mix. The presence of as little ajsmg. nitrogen in 
the shape of nitrogen acids per ljtre is,indicated*by a blue ring 
farming *t the surface of contact of both liquids, most easily 
perceived by holding the glass sideways against a white back¬ 
ground. Both nitric and nitrous acid are indicated in this way. 

Withers and Ray (/. Amer. Chem. Soc., 1911, p. 708) 
describe the test just in the same manner ; according to them, 
the blue ring appears in the presence of millionth of nitrous 
nitrogen or ,' 5 millionth nitric nitrogen, and when heating for 
an hour even with millionth nitrous or nitric nitrogen. 

Brucine indicates only nitric acid if there is a great excess of 
strong sulphufic acid present; neither selenium nor nitrous acid 
interfere with this tcst ; but nitrous a<yd equally reacts with 
brucine if there is but little sulphuric acid and much water 
present, say 1:2. In order to detect nitric acid by itself, an 
aqueous solution to be tested should contain <U least j of its 
volume of strong sulphuric acid. The brucine can be added 
either as powder or dissolved in pure strong sulphuric acid, say 
I c.c. of a solution of 0-2 g. brucine in too c.c. strong acid, for 50 
c.c, of the solution to be tested, of which j 1 must consist of strong 
suiphurr acid. If as little as , J 0 mg. nitric nitrogen be’present, 
a pink colour is produced which gradually, on heating very 
quickly, passes thfough orange into yellow 7 . In Z. angew. 
Chan ., 1894, p. 347, I have .shown hew this test call be utilised 
for a quantitative colorimetric estimation of small quantities oj 
nitric acid. Cf also 'ibid., 1902, pp.»t, ryo, and 241. 

Most reagents, like diphenylamine, ferrous sulphate, and 
indigo, indicate both nitric and fiitrous acid. There are other 
reagents which prove the presence of nitrous acid (or nitrites) 
alone, not tfcat of nitric acid: for instance, a mixture of 
starch solution wiith a solution of iodide of zinc Ta blue colour 
being produced), and ctf various organic amines, which with 
nitrous acid form corresponding azo-colour:; (Griess, Berl.^er., 
xi., p. 624). Of these’ the most frfiqu<*ntjy *used are: meta- 
phenylene diamine, which produces a yellow colour with o 1 mg. 
nitrous acid in a litre, or else a combination % of sulphaniUc aciti 
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and a-na£hthylamine (reagent of Griess)./ I have shown (Z. 
angeit. Cheni.,' 1889, p. 666) that it is befet to mix both sub¬ 
stances, dissolved in dilute acetic acid, at once, and to keep this 
solution ready for use; any nitrous acid getting in from the 
laboratory air is tj),us betrayed from the outset by the reagent 
turning pink,' This colour can be removed by shaking up with 
zinc dust and filtering. For actual use, the solution t« be tested 
for nitrous acid is heated up to about So 0 C., and a few cubic 
centimetres of the mixed reagent added to it, when a rose colour 
will be developed with less than ri ‘ oTf mg, N„ 0 3 in one or two 
minutes. Solutions containing too much nitrous acid give only 
a yellow colour. In order to obtain a reagent which is not dis¬ 
coloured on keeping, a lktle of the u-naphthylamine is boiled 
with a few cubic centimetres of water, the hot solution is poured 
off, and only this is used, mixing it with dilute acetic acid and a 
dilute solution of sulphanilic acid. , 

If any nitrous acid present is carefully destroyed by treat¬ 
ment with urea, the ordinary reagents like diphetiylamine, 
ferrous sulphate, and indigo, will indicate any nitric acid 
present,' this sot being acted upon by urea. 

Selenium can be detected by the red colour imparted to a 
solution of ferrous sulphate, which after some little time turns 
into a red precipitate (not vanishing on heating like the brown 
colour produced by nitric oxide), or by means of sulphur dioxide. 
According to Jouve {Client. Cenir., 1901, i., p. 1389) .codein or 
morphine prove the presence of selenium, but only when 0-5 
per cent, is present*; S 0 3 acts already witbi 001 per cent.; all 
of .these act only on selenious, not upon selenic acid. Both 
c acids, however, are proved by the red colour produced by the 
action of acetylene, if o-ooi per cent. Se is present. A little 
MCI hastens' the separation of Se, which dissolves in the hot 
sulphuric acid with green Colour. 

Orlow {Chcrn. Centr., 1901, i., p. 480) also rejects codein and 
prefers S 0 2 , especially on heating. Five parts H 2 $ 0 .,-.!-10 parts 
water + 10 parts S 0 2 solution give a red p-ecipitate at once 
with 0-3 per cent. H 2 Se 0 3 , but also ,with 0 03 per cent, after 
stS-nding a few days or heating a few,hours. Even- 0-003 P er 
cent, gives a rore-cotaur. 1 ’ 'Rosenheim' {ibid., 1901, ii., p. 234) 
discusses at length the influence of selenium on the ordinary 
tests ipr arsenic. - 
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The quantitative estimation of the impurities contained in 
sulphuric acid is best carried out with various portions of the 
sample. Usually only the following are looked for. Lead is 
estimated bv diluting the acid, if concentrated, with its own 
volume of water and twice the volume tf absolute-alcohol, 
whereby all the lead is precipitated as P.bS 0 4 . Iron is estimated 
b)t reducing with pure zinc and titrating with potassium per¬ 
manganate; not leaving out of sight its actioil upon S(A, N 2 0 :i , 
etc. A very convenient colorimetric method for estimating 
traces of iron has been described by me in Z. angew. Chew., 
1896, p. 3; reprinted in my Technical Methods vf Chemical 
Analysis, translated by Keane, 1908, vol. i., p. 381. Arsenic is 
estimated by reducing any arsenic acid to arsenious acid by a 
stream of S(X, expelling this by (XX, and precipitating by 
H.,S. The presence of lead, antimony, copper, platinum, etc., 
makes this process very complicated (cf. thereon McCay, 
A\ncr. Chem.f, vii., No. 6). If the quantity of As is somewhat 
considerable, it can be reduced to As., 0 ;1 by SO.,, followed by 
C(X; the liquid is then neutralised by soda, and the As, 0 ., 
titrated by iodine solution (Kisling, them, huff 1886, p. 137). 
Further particulars are given in Lungc-Keane’s Technical 
Methods of Chemical Analysis , vol. i., pp. 383-384. 

The volatile impurities of sulphuric acid are estimated as 
follows:— 

Sulphurous acid, if present in noticeable quantities, can be 
estimated by a solution of indinq according to, Bunsen’s method. 
The acids of nitrogin (nitrous, hyponitric, ’and nitric) cannot 
easily be present together with sulphurous acid in sensible 
quantity; but they occur in very considerable proportions in • 
certain intermediate manufacturing prtxlucts (“ nitrous vitriol ”); 
and the methods for cstimnting then) are therefore of great 
importance. Also in chamber-add and in more concentrated 
products*there is much oftencr nitrous or even nitric acid 
present than sulphurous acid ; and in this case tl\c estimation 
of even miiMite quantities is sometimes of imySrtance, because 
they exert a very injurious action during the concentration 
the acid in platinum. ' « • . ' 

Nitric oxide, as shown on p. 331, is soluble ih sulphuric acid 
only in extremely slight quantities, inappreciable in any ordinary¬ 
mode of testing. In practice, according]'- no account netfd be 
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taken of nitric oxide, especially in'the case Ji the stronger acids, 
since in'any case it cannot be present in sufficient quantity for 
estimation ; and the analytical met! ods can only refer to the 
higher oxides and acids of nitrogen. Of these, ag^in, only nitric 
and nitrous acid n'cfed to be taken into account. Nitrogen per¬ 
oxide, N 2 0 4 (tormerly called hyponitric acid), when dissolved in 
sulphuric acid behaves exactly like a mixture of equai molecules 
of nitric and nitrbus acid (p. 341). Nitrous acid itself does not 
exist in any but rather dilute sulphuric acid ; in somewhat con¬ 
centrated acid it exists as nitroso-sulphuric acid, SO.,(OII)(ONO), 
cf. pp. 334 it seq). The solution of this compound in sulphuric 
acid behaves, however, towards oxidising agents" and in most 
other respects exactly lfke a solution of nitrous acid, which, in 
fact, is formed from it by dilution with water. Ordinarily in 
doing this, part of the N 0,11 is decomposed into NO and 
NO :J H (p. 338), but this decomposition, which ivould interfere 
with the analysis, can be prevented by proper precautions, as 
we shall see later on. 

First of all we must describe the methods for estimating the. 
total nitrogetf 'acids, that is, nitrous and nitric acids together , in 
which case the result can be calculated as N., 0 .,, N, 0 5 , N 0 3 H, etc. 
Frequently, for technical purposes, the N is calculated as NO ;i Na. 

Of the numerous methods proposed for this end I only 
mention those which arc employed for technical purposes. 

The method of Pelouze, modified by Fresenius :xid others, 
is only adapted for the estimation of nitric acid ; it is, however, 
sometimes used for estimating a mixture 6f this and of nitrous 
acid, after the latter has been converted into nitric acid; for 
instance, by chlorine, potassium bichromate, permanganate, etc. 
It is founded upon the fact that free nitric acid oxidises ferrous 
chloride or sulphate, according to ihe equation : f 

CFeCL + 2 N 0 3 H + 6HCI 6FeCl a + 2NO + 4ILQ 

By means of potassium permanganate the fe.rrous salt, not 
oxidised by nitric acid, is estimated, and the quantity of the 
latter is calculated from that of the ferrous salt consumed. 

This method ts described in great* derail in our first edition, 
vol. i., pp. 54 tcT5H, ihd setond edition, voi. i., pp. 173 to 176; it 
,is not repeated here, as the much handier nitrometer method 
1 has made it obsolete. 
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Another class cV metfiod^ based upon the action of ferrous 
salts on the nitrogen acids is tiftt first proposed by Sahloesing, 
and subsequently modified by many others. In this class of 
methods the process is carried on in such manner that all 
nitrous and nitric acid present is converts into nitric oxide, 
NO, which is then estimated ,in various waj?s—mostly by 
measuring its volume as a gas. This method is very much 
used by agricultural chemists, especially in* the modification 
introduced by Grandeau. A table for reducing the volumes of 
NO to weights of N 2 0 5 for various temperatures and pressures 
has been calculated by Baumann ( Z. augew. Chun., 1888, p. 
662; reprinted in J. Soc. Chan, hut, 1889, p. 135). For nitrous 
vitriol this method is seldom used’ because it is far more 
troublesome than the nitrometric methods to be subsequently 
described. 

Many methods are based on tly reduction of the nitrogen 
a?ids to* ammonia by means of zinc, irijn, or a combination of 
both. All the older forms of these methods have been super¬ 
seded by the modification introduced by UKch (A angezv. Chau., 
1891, p. 241; Lunge-Keane’s Technical Metlitds of'Chemical 
Analysis, I., pp. 311-315), which is extensively used for the 
estimation of nitrate of soda, but rarely for the nitrogen acids 
present in sulphuric acid. 

The process which is mostly used for the estimation of the 
total niUogen adds in sulphuric acids (as well as for that of 
nitrate of soda,*/ p. 132, of nitroglycerin, and for many analogous 
purposes) is the nitrometer method, founded upon a reaction 
discovered by Walter Crum -{Phil. Mug., 1840, xxx' p. 426). * It ‘ 
consists in agitating the substance in question with mercury in» 
presence of a large quantity of sulphuric acid, by which means 
all the nitrogen acids are converted into nitric oxide, NO, whose 
volume is ascertained by gasoincAric methods. Crum’s process 
had been occasionally employed for the estimation of nitrates, 
e.g. by Frarikland and Armstrong, and had been specially 
recommended fo» nitrous vitriol by G. E. Djvis ( Chem. Ncv:s, 
xxxvii., p. 45). But it attracted very little attention, least of 
all from technical chemists, because it,Was cumbersome and 
expensive (requiring a’mercury trt>ughj, jnc? withal gave no 
very trustworthy results, owing to the difficulty of manipulation. 

1 drew fresh attention tc» this process^ (Bert. Uc/., xi., p> 436J, 
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and made it generally accessible, footfi by moving its accuracy 
under 1 the circumstances here 'mentioned, and by devising for 
it a special instrument, which made its manipulation extremely 
easy and simple. This instrument, which has since found a 
great variety of applications in gasometric and gas-volumetric 
analyses, somf. of which are /ncntioned in other parts of this 
work, has been called the Nitrometer. It is made in various 
shapes for various purposes ; the shape which is used in testing 
nitrous vitriol is shown in Fig. 56. 1 

Its principal portion is a glass tube, a, of a little over 50 c.c. 
capacity, divided into tenths of a cubic centimetre. At the 
bottom it tapers to fit an elastic joint; at the top it ends in 
a funnel, c, communicating with the inner part of the tube by 
a three-way tap. Its plug has one bore, through which the 
measuring-tube communicates with the funnel, and another 
bore through which the contents of the funnel qan be run off. 
The division of the pieasuring-tube a begins from* the tap 
itself, and goes from the top downwards. The tube a hangs 
in a clamp, e, which can be instantaneously opened by a spring, 
so that the tuJve can be taken out. Another clamp,/, sliding 
on the same stand, carries a plain cylindrical glass tube, b , 
tapering below, of the same contents and about the same 
diameter as the measuring-tube. The lower ends of the two 
tubes are connected by a thick elastic tube, b slides up and 
down in its clamp with friction. In order to use the apparatus, 
b is placed so that its lower end, is rather higher than the tap d, 
and, the latter being opened, mercury is poured in through b 
till" it just comes up to the funnel c. As it flows into a from 
below, it will not allow any air-bubbles to remain in the tube. 
The tap d is now closed ; A is lowered ; and the acid to be tested 
is run into the funnel cby means of a mcasurir.g-pipette. Of 
course it is necessary to have an idea of the maximum quantity 
of NO which may be given off without expelling the mercury 
from the tube altogether, and the quantity of s-ulphuric acid 
must be chosen accordingly. By carefully opening the tap d, 
the acid is run into a without any ait being allowed to enter; 

1 Since I first published „iqy above quoted paper, Campbell, Davis, 
Dupont, and others have made known apparatus very similar to mine, for 
which they have adopted my name, Nitrometer. Not one of these, however, 
combines all the advantages found in the instrument constructed by me. 
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in a similar way tVe funnels is washed out twice 'by means 
of pure concentrate?! sulphuric ticid. It is not advisable\o put 



» Fig. 56. 


more than 8 to zo c.c, of acid into the 'api?ar;ztzfc; much better 
only 4 to 5 c.c. altogether,are used; but in any case there 
must be an excess of stroifg sulphuric acid present. Nofr the 
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tube a is taken out of the spring* clamp atd well shaken up. 
The evolution of gas in the cast of nitrous'acid commences at 
once—the acid taking a purple colour, in the case of nitric acid, 
after a minute or so. The reaction is ended by violent shaking 
for one or two minutes. Sometimes it takes a long while before 
the acid deals and the froth subsides, but generally this is 
effected in a very short time; anyhow it is nccessany to w^it 
a little, so that the apparatus may assume the temperature of 
the air. Now by sliding b up or down, the level of the mercury 
in this tube is so placed that it is as much higher than that 
of n as corresponds to the vitriol; say, for each 7 mm. of acid I 
mm. of mercury; or else the level of the mercury is made the 
same in both tubes, and' the height of mercury corresponding 
to the layer of vitriol in the tube is deducted from the baro¬ 
metrical pressure. In the former case, it is easy to ascertain 
after reading off whether, the proper compensation for the 
height of the acid col.umn has been made or not. It is ofily 
necessary to cautiously open the tap d, over which a drop of 
acid has been left standing. If this is sucked in, and the level 
of the acid fallo;there has been too little pressure, and vice versd. 
The volume of the nitric oxide can be read off to J 0 c.c.; it is 
reduced to o and 760 mm. mercurial pressure, and the per¬ 
centage of the acid calculated from it. Each cubic centimetre 
of NO, measured at o° and 760 mm., corresponds to 1-3402 mg. 
NO, or 1-6975 mg. N., 0 . v or 2-8144 mg. 11 N 0 3 , or 4-15176 mg. 
NO..K, or 3-7986 mg. NO.,Na.' By this process, of course, 
nitric and nitrous a'cids cannot be distinguished, but are always 
estimated together. 

After reading off, b is again placed higher, the tap d is 
opened so that tube a cortimunicates with the small outlet tube, 
and thus first the nitric oxide and then the "-sulphuric acid, 
muddy with mercuric sulphate, is driven out. When the 
mercury begins to run out as well, the tap is closed, and every¬ 
thing is again ready for a new test. If any sensible quantities 
of sulphurous acid are present in the acid to be tested (as proved 
by the smell), it is best to add a very 'ittle powdered potassium 
permanganate to thb .sulphuric acid, avoiding any considerable 
excess. , ' 

1 Multiples of these figures from 2 to 9 are given in my Technical 
Chcmicts' Handbook, 1910, p. 17. 
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The nitrometer; was iirst> provided with a three-\lay tap on 
Cl. Winkler’s principle, with onc*transverse and one longitudinal 
bore; but now another arrangement, known as the ‘.‘Greiner- 
Fricdrichs” or the “ Geissler-Miescher” tap, and shown in the 
diagram, is preferred, which admits of much easier manipulation 
and is far less liable to leakage. « 

It has been stated by T. Bayley that it is necessary to dilute 
the acid contained in the nitrometer at the clpse of the experi¬ 
ment, in order to expel the nitric oxide dissolved by the sul¬ 
phuric acid. Hut for ordinary purposes there is no appreciable 
error caused by the solubility of NO in sulphuric acid, as 1 
showed in /. 'See. Chew. Ind., 1.885, p.447, and 1886, p. 82. This 
could not be contradicted by Mr Bayley, who, however,contended 
that the iron contained in the acid as ferrous sulphate acted as 
solvent for NO. 1 replied to this ( Chew. News, 1886, liii. p. 
289) that the quantity of iron found in any commercial acid 
w»uld n^ver lead to any appreciable error of this kind, more 
particularly as it would be present as ferric sulphate. 

Foi* very exact purposes the solubility of NO in strong 
sulphuric acid, which amounts to 0 35 c.c. NO ip 100 e.c. acid, 
must betaken into consideration. Nor must the acid employed 
be stronger than 94 to 94-5° per cent., to avoid the reduction 
of NO to N .,0 or N. 

In spite of the very great convenience, speed, and accuracy 
of the nitromctric estimation of the nitrogen acids? many 
chemists might have abstained from using it, because the 
unavoidable reduction of the volume of NO’ to 0" C. and 760 
mm. pressure appeared too tedious tq them. ’ In order to over¬ 
come this objection, I have calculated tables which admit of, 
reducing any volume >of gas from '• to too from any given 
temperature to o° C., and from any given pressure''to 760 mm., 
by simple reading off. These tab'es were given in the Appendix 
to my firSt edition ; they are also contained in Lunge’s Technical 
Chemists' Hqndbook{ 1910), pp. 138 et scq., and are also separately 
published fjpr use. as wall-tables by F. Vieweg & Sohn, Bruns¬ 
wick. Other tables, requiring very little mole time for use, 
are found jn Winkler-Lunge's Handbook of Gas-Analysis , flid 
edition, pp. 1 yy ct scq. ’’ • ■ 

I abstain here from giving these or any other tables, as an 
instrument invented by myself, and called-Hhe gas-volupicter •* 
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{Z. angcw. Chan., 1890, p. 139; fieri. Bcr.l'iSqo, p. 44 °)> has 
made ’unnecessary all calculations and tables in connection 
with the • reduction of volumes of gases to o and 760 mm. 
This instrument, as shown in Fig. 5 7, consists of three glass 



Fig. 57. 


tubes, all joined by very strong elas.tic tubes to a three-way 
pipe, D, and sliding upwards or downwards in strong clips. 
Tube A is the m^asuring-arbe, B the reduction-tube, C the level- 
tube.' A is divided into tenths of a cubic centimetre, and 
'generally holds 50 c.c.; where large- volumes of gases are to 
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be measured it is shaped'Iik*; B, and holds 60 or 100 c.c. in the. 
upper, wider portion, and another 40 c.c. (divided into c.c.) 
in the lower, narrower portion. The “ reduction-tube” Ii holds 
too c.c. in the upper part, and another 30 c.c. (divided 
into ,’g- c.c.) in the lower part. This tube i:r set once for all in 
the following way :—After putting, the apparatus' together and 
partly filling it with mercury, the temperature close to B and 
the barometric pressure arc taken, and it is*calculated, by the 
well-known formula 

(273 + /)76o 

273 x/r 

(where / denotes the temperature in o» C, b the height of the 
barometer in millimetres), what would be the volume of too c.c. 
dry air under the existing atmospheric conditions. (This calcu¬ 
lation can be abridged by using any of the above-mentioned 
tables, if they are at hand.) Suppose t— 20", b = j 50 mm. In 
this case too c.c. of dry air would occupy the volume 108-8 c.c. 
We not/move B and C so that, tap /being open, the level of 
the mercury in B is at 108-8, whilst the mercury in C is, of 
course, at the same level. Previously to this wc have introduced 
a drop of strong sulphuric acid into B, but not sufficient to 
reach over the meniscus of the quicksilver, which would be an 
impediment to taking the readings; this is done because gases 
have afterwards to be measured in the dry state. (In thS more 
frequent case in which this instrument is employed for measur¬ 
ing moist gases, in ijeu of sulpfmric acid, a drop of,water is 
introduced into B,andthe*calculation is made by deducting from 
the barometric pressure the tension of aqueous vapour corre¬ 
sponding to the existing temperature.) Now tap / is closed, 
and is secured w that no aiV can enter or escape'through it. 
In lieu of this tap a capillary tube may be provided which is 
sealed by"’a small flame, after having put a perforated piece of 
asbestos caj-db.oard over the top of tube B, to prevent its 
temperature, rising, during the sealing-operadon.’ The best 
way of closing tube B is means of a mercury-sealed tap, as 
described by. me in Bed. Ben, 1892, p. 3158. 1 

It is quite evident thht every tiihe* levbhtube C is raised 
so that the mercury in B rises to the point too, the air withiq 
B is compressed to the volume it would occupy at o° and* 760 * 
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mm. independent of the temperature and /barometric pressure 
actually existing. Now suppose wc have evolved or carried 
over into tube A a certain volume of gas, and we adjust the 
position of the three tubes so that the mercury in B stands at 
ioo , and that in A exactly at the same level, it is evident that 
the gas in A is under the same pressure as in B ; and, supposing 
its temperature to be the same (which will be the case if the t'vo 
tubes are close together), the gas in A will be equally compressed 
as that in B to the volume it would occupy at o” and 760 mm, 
barometric pressure. The reading taken in A thus yields at 
once the cdtrected volume without having to look at a thermo¬ 
meter or barometer, or to use any calculations or tables. 

Tube A might be an ordinary nitrometer; but it is far 
preferable to use it only as a measuring-tube, and thus to keep 
it always clean and dry, whilst the nitrometric operation proper 
is carried out in the auxiliary “ agitating-vcssel ’ K. This is a 
non-graduated vessel, holding 100 to 1,50 c.c., and connected by 
a strong elastic tube with the level-tube F. The vessel E bears 
at the top the usual three-way tap and cup i\ The side-tube a 
can be closed by a small ground-on cap, b, or else by an india- 
rubber cap. Before commencing the analytical operation, the 
tube F is raised so that the mercury just issues out of a ; cap b 
is now put on and tap < is closed. Now the nitrous vitriol (or 
solution of nitrate of soda, cf. p. 132) is introduced through r, by 
carefully lowering F, so ‘hat only the liquid, but no air, enters 
into E ; strong sulphuric acid fellows, to rinse out cup c ; the tap 
is now eiTtx.ely closed, and E is violently siiakcn till the decom¬ 
position is complete and no more NO is given off. The cap b 
prevents the mercury in.tube a from being thrown out in the 
shaking. The instrument is allowed to cool down, and is then 
put in the position shown in the diagram, so that the small tubes 
a and d are on the same level. Previously a short piece of 
india-rubber tube has been slipped over d, and by raising C the 
mercury has been forced right to the end of d. Now cap b is 
taken off, and mis introduced into the short elastic tube, till the 
glass tubes <r and d touch. Now tube C is lowered and F raised 
(as shown in the diagram), and tap \c its cautiously opened (e 
having been left open before). The gas will thus be transferred 
from E into Aj^at the moment when the sulphuric acid has 
entered into the bore of e, but before it has got inside of A, tap 



SULPHURIC AC1IJ 


387 


e is closed. Now tljc reading is taken as described above; the 
apparatus EF may be detached at any time and cleaned as 
occasion requires. 

The readings of the volume of NO taken in tube A may be 
converted into grammes of N..O. or ftaNt)., etc, by means of 
the table mentioned on p. 3S3. Of nitrate of soda has to be 
analysed, *each cubic centimetre will indicate 3-7986 mg. 
NaNO :i ; hence, if 0-3799 g. of nitrate were employed for the 
test, the number of cubic centimetres of NO would at once 
indicate the percentage of NaNO,. In the case of nitrous 
vitriol the quantity will usually not be weighed, but measured 
by means of a pipette, and the results obtained must then be 
divided by the specific gravity of the acid, to reduce them to 
weight percentage. If the acid is near 140 Tw., this is 
unnecessary; for in this case a 1 c.c. pipette will deliver 1-70 
g. acid, and a's each cubic centimetre of NO indicates 0-0017 
N, 0 3 , this means that the number of cubic centimetres read off 
is ex;icily = tenths of a per cent, of N..O, by weight of the 
nitrous vitriol. 

We now proceed to the estimation of nitrons not//, or, more 
properly speaking, of nitroso-.ui/p/inrii at id, present in sulphuric 
acid, which is mostly sufficient for testing the 1 * 1 nitrous vitriol ” 
Iron) the Gay-Lussac tower. 

Among all the analytical methods founded upon the, oxida¬ 
tion of nitrous acid, both tile most .onvement and the most 
accurate is that employing potassiumpcrmangiruatc, first proposed 
by Feldhaus. Evcif fo( scientific purposes we do ijoc possess a 
more accurate method lor estimating nitrous acid in an acid 
solution than this, if other oxidisabk-’bodies be absent. 

Even nitric oxide is oxidised by this reagent,.according to 
this equation : " • 

ioNO f 6 Mn(),K + 98 . 0,1 L _ ioNO.,11 t 38 *),K , + 680,Mn 

+ 4 H .O. 

• - . 

Accordingly the Ncininormal solution of permanganate, each 
cubic centimetre of which corresponds to 0004 g. 0, will shs-w 
0-005 g- NO f° r eac h ■-ubjc centimetj;e. # Thus, on the one hand, 
nitric oxide can be estimated quantitatively by fliis reagent: on 
the other hand, the nitric oxide would make ,the estimation Of. 
nitrous acid inaccurate if it were present at the same time, which, 
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fortunately, is not the case in sulphuric acid to an appreciable 
extent! 7 1 

Nitrous mid itself is oxidised by permanganate, according to 
the equation : 

SN’,(),+ (JdiqK't-6SOJI,ioNO :i H + 2,SO,K,+ 4St),Mn 

\ 11 , 0 . 

C 

Here every cubit; centimetre of seminormal permanganic 
solution corresponds to 0-009502 g. N 2 0 3 . 

The process formerly in use, where the permanganate 
solution was run into the nitrous vitriol, has been shown to be 
quite inaccurate by my investigations (owing to the formation 
of NO and UNO,) and has been replaced by the plan proposed 
by myself, namely, manipulating in the following way :—The 
permanganate is not run into the acid, but, on the contrary, a 
certain volume of permanganate solution is taken, and the 
nitrous vitriol is run in from a burette slowly, and wit constant 
shaking, till the liquid 'is just decolorised. In the cold this takes 
some time, since the very dilute solution of permanganate is no 
longer keted ijpon instantaneously. This loss of time can be 
avoided by working at 30' to 40’ C., but no higher. When 
working with concentrated sulphuric acid, this temperature is 
attained without any special means; otherwise the perman¬ 
ganate solution is heated up beforehand. If seminormal 
solutioh is employed, it is diluted with about 100 c.c. of tepid 
water. Sometimes a brown precipitate (of hydrated manganese 
peroxide) is formed in the operation; but this dissolves later 
on, and the "final fesult is quite as correct in these as in any 
other cases. 

In testing chamber ^cid, at most 5 c.c. of seminormal 
permanganafte should be employed; otherwise,the quantity of 
sulphuric acid required fur decolorising it will be inconveniently 
large. For proper “ nitrous vitriol ” from the Gay-L ussac tower 
up to 50 c.c. permanganate may be taken. If , he qumber of cubic 
centimetres of permanganate is called x, and that of the acid 
required for decolorising it y, the quantity of N., 0 3 present in 

grammes per litre of acid is ^ 2 X calculated as 

N 0 :J H --'J. - 75 . a , 

. .>* 
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or as 

NaN 0 3 - 2, - 2 S«- v 

A tabic given in my Technical Chemists' Handbook, 1910, p. 
137, saves the calculation in all cases in whjph x= 50. 

In the presence of other oxidisable substances, such as 
sulphurous acid, ferrous salts, organic substances, etc., all 
oxidation methods are of course inexact—whether the bleach- 
ing-powder, or the bichromate, or the permanganate process. 
Generally those impurities are too insignificant to do any 
harm ; but, especially where large quantities of nitrous acid are 
present, as in the nitrous vitriol from the Gay-Lussac towers, 
the permanganate process is quite sufficient for the purpose of 
checking the course of manufacture. Of the oxidisable sub¬ 
stances only arsenious acid sometimes occurs in sufficient 
quantities to effect the results sensibly, but to a small extent 
only, in nitrous vitriol, where it is mostly changed into arsenic 
acid. ' * 

The’estimation of nitrous acid by means of aniline, which is 
converted into a diazobenzol salt, the end of th<; reactibn being 
shown by potassium iodide and starch, has been practised for 
some time at several colour-works, long before it was published 
by Green and Rideal (/. Soc. Chew. Ind., 1886, p 633). Accord¬ 
ing to comparative tests made in my laboratory, it offers no 
advantage whatever over the very much less troublesome 
permanganate method, and may lead to serious errors {Z. 
angew. diem., 1891, p. C29; 1902, p. 1C9). 

Minute quantities of hitrogcn acids cannot be quantitatively 
estimated by the above methods, but the colorimetric estimation , 
of slight quantities of nitrous acid, as A have shown in Z. angew. 
Chem., 1894, p. 348, can be performed by Gricfss’s reagent, 
modified as follows :—o-i g. white, rt-naphthylamine is dissolved 
by boiling in 100 c.c. water for a quarter of an hour ; then 5 c.c. 
glacial acejir acid (or its equivalent in ordinary acetic acid) and 
a solution qf 1 g.^sulphanilic acid in 100 c.c. water are added. 
The solution is kept in a ^ell-stoppered bottle; if it turns pink 
it is decolorised by shaking with zinc-dust/md filtering. A very 
slight colour does not interfere with ’its *usf, as only 1 c.c. is 
employed for 50 c.c of the solution to be tested. One c.c. of tfye 
reagent indicates T0 V, 0 mg.cnitrous nitrogen ill 100 c.c. water by* 
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turning -the water pink in ten minute?. Strong mineral acids 
retarder .stop the reaction, but this can berremedied by adding 
a large'-excess of puce sodium acetate. 

"'For quantitative use a standard solution is prepared as 
follows:—0 0493 g. pure sodium nitrite, containing o-oio g. 
nitrogen', is ([issolved in 100 c.e. water, and 10 cc. of this 
solution is drop by drop added to 90 c.c. pure sulphuric acid ; 
the resulting mixture contains mg. of nitrous ni?rogen irt a 
perfectly stable form. Two colorimeter cylinders are charged 
as follows:—Each of them receives 1 c.c. of the Griess-Lunge 
reagent, 40 c.c. of water, and about 5 g. of solid sodium 
acetate. To one of these is added 1 c.c. of the standard 
solution, to the other j c.c. of the acid to be tested. The 
contents of each cylinder arc at once thoroughly mixed, and 
after five or ten minutes the colours arc compared. If they do 
not correspond, the more strongly coloured liquid is diluted up 
to the point where layers' of equal thickness fchow the same 
depth of colour in both solutions, and the percentage of nitrous 
nitrogen is calculated from the amount of dilution. 

Very minute quantities of nitric acid are best estimated by 
the colorimetric brucine process, described by me, /.. ungcic. Client ., 
1894, [). 347, the principle of which consists of comparing the 
yellow colour obtained by heating to about 70" with brucine 
with a standard solution of nitric acid. As a rule, nitric acid 
is not .estimated by itself in sulphuric acid, but indirectly, by 
estimating the total nitregen acids by means of the lhtrometer 
(p. 380) and deducting the nitious acid found by the perman¬ 
ganate method (p.. 387). ‘ 

Finch {Z. Sc/iicss mid Sprengwesen , 1912, pp. 113 ct sci/.) 
discusses the volumetric methods for. estimating sulphuric, 
nitric, and nitrous acid in mixed acids for nitrating purposes, 
and in the waste acids produced in'those operations. 



CHAPTER. II 

Til 1C RAW MVTKKIAI.S ?>K THE SULPHURIC-ACID 
MAN U FACT URIC (lNCLUl>ir*C. NITRIC ACID) 

f. Natural Sulriiur (Brimstone). 

• 

Brimstone, owing to its being found in nature in the free 
state, has been known to nfankind since very ancicjit times. 
It is hardly necessary to poiftt to its being noticed in the Bible ; 
it is also mentioned several times in the Homeric poems. The 
> Romans evidently obtained it in the same way as if done now, 
by melting it out «of its mixture with tnarl, etc. The ancients 
employed it principally * for fumigating purposes, both on 
account of its disinfecting properties and ae a religious rite 
(compare the well-known passage from the Odyssey, where 
lllysses purifies his house after slaying the intruders), but also 
for many of the uses to which it is put at the present day, as 
for cleaning wine-casks, for destroying fungus-growths in vine¬ 
yards and orchards, for plasters in skin diseases, for lighting 
fires and preparing torches, for cementing glass, for bleaching, 
for “ niello ” work on metals. 1 

In modern timfts brjmstonc has been used for most of the 
just-mentioned purposes and for many .others ; but we arc here 
concerned only with its .use for the manufacture of sulphuric 
acid. Brimstone is undoubtedly the ijlbst 'convenient raw 
material for this manufacture, and for a long time all the 
sulphuric acid of com me ret:, apart from Nordhauscn acid, was 
made from it; but its use in this respect has-been almost 
entirely abandoned in most countries, and is not likely to be 
revived there, since ircfn-pyrit<?s, and«ncwe especially that con¬ 
taining a few per rcnt.pif copper, and tincblenSe supply sulphur 

’ I owe these historical not^fo a treatise <>y Professor Bluiriner, of 
Ztirich, in the vFestscftrift r.ur lir^nissum; der Phalogen- Versammlutig 
(Zurich, 1887), pp. 23 et seq. 
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for the above purpose, far Inore cheaply thin natural brimstone 
ever jan do. In spite of this, Brimstone is still a -principal raw 
material for the manufacture of sulphuric acid in America 
(where, however, it has lost its former exclusive sway), and it 
is also used to some considerable extept r in England for that 
purpose, but very little indeed in other European countries. 

As late as 1902 a large'lirimstone acid factory was erected 
in Ireland without a Gay-LussaortoWer (Alkali Inspectors Report, 
No. 38, p. 50). . • 

According to Ouincke" iZ. angew. Chcm., 1909, p. 2029) it 
cannot be said that recently brimstone has. beqi more than 
formerly used for the production of sulphuric acid ; the production 
of Louisiana sulphur (see below) is not increasing, and in Sicily 
the sale of sulphur is meeting withMifficulties. 

A somewhat considerable quantity .olf brimstone is also 
consumed in the manufacture of sulphurous acid, principally 
in order to.prcpare bisulphite of Jime for the manufacture of- 
wood-pulp. * < 

Sulphur *is an element whose atonlic weight is now assumed 
to be J2'07 (oxygen = 16). It is very brittle.; its hardness is 
from 1-5 to 2-5 of the ordinary mineralogical scale; its specific 
gravity is 2-07* As usually occurring, it is semi-transparent at 
the edges and of the well-known bright yellow colour; at — 50° 
it is nearly devoid of colour.* Its taste and smell are very slight. 
It does not conduct -electricity, but itself becomes electric by 
friction; and it is therefore difficult to powder it finely, as it 
adheres to the mortar and puetle. * , 

Sulphur melts at m°-5 C, and foryis aft'hin, light-yellow 
liquid, which, on being rpore strongly heated, becomes darker 
and thicker; at 250° to*260° C. it is nearly black, and so viscid 
that it does not'run’jut when the vessel is upset; at a still 
higher temperature it becomes thinner again, keeping its brown 
colour and emitting brownish-red valours. 

Sulphur sljghtly volatilises already at ordinary temperatures, , 
as evidenced by its blackening silver in contact with it (which 
by some, howeverf is* attribute?! to tfffe formation^ of H 2 S). 
Moss ( Abstr. C/tint, Soc* 1907* ij- P- 20) k«pt ordinary roll 
sulphifr sealed up in*afi exhausted tube; aft* twenty years, 
during which thne^he tube.was kejpt in a honzoxital position, 
a crystallfhe sublimate, was observed*‘t’orter (Proc. Chem. Soc., 
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1898, p. 65) and Dewar ( Proc. Roy. c Soc.f 1865, p. 7) had made 
similar obr£rvations. The vapour pressures of sulpfyrr at 
temperatures below, ils boiling-point have been studied by 
Matthies (l 'Phys. 'Zsc/t% vii, p. 39J); H. Grucncr (Sciatic , 1905, 
p. 74; Z. nfrtc Char., 1905, p. 1907); later on by the same 
chemist in J. Amcr. Chan. Sue., mo7, pp. 1396-1402; Z. anorg. 
(hhcm.yWi. pp. 145-153); 'Ruff and Graf {Bert. Her., 1907, pp. 
4199-4205). According to" the last-mentioned chemists the 
vapour pressure of sulplny is 0-002 .mm. at 78“; 0 01 mm. at 
104 ; o-i min. at 1^5" ; 1 jnm. at. ifti"; ^md 10 mm. at 245 0 . 

The boiling-paint of suTphur at ordinary pressures is stated 
by llolborn and Griinoisen (Drude’s Ann., 1901, vi. p. 123) = 
444-V ; by Callendar (Prof. Roy. Soc., 1908, p. 329) = 443-58". 

Modifiorlions ^Uloinfic*Conditions) of .W//(W.-«-.Sulphur 
exists in difleient aWotropic conditions. The a-modification 
fornTs rhombic crystals,‘mostly pointed rhombic octahedra, 
whose physical properties Jiave been described «abovc; this 
((‘•modification is that of which the bwmx*tone found in nature 
conaistsf and it is also obtained by crystallising selphur from 
its solution in carbon disulphide. Its specific*gravity is = 2-07. 
Jhe /^-modification is obtained by slowly cooling melted 
sulphur, and pouring off the liquid portion when another por¬ 
tion has crystallised ; it consists of long thin oblique rhombic 
prisms, belonging to the monoclindhcdric system, of a brownish- 
yellow colour, transparent, sp. g* 1-982;* they gradually pass 
over into the a-modification, completely so after a few days, 
eveiTat the ordinary temperaturefand suddenly by shaking or 
scratching. (Brauns, ken^evet, as reported in Chan. Chi., 1906, 
i. p. 8, kept a sample of monoclinic sulphur for two and a half 
years, and lost it merely by accident.) The colour then becomes 
light yellow ; and the crystal.Jlose their transparency, but remain 
as j^eudomorphs of the / 3 -sulphur. The sulphur in rolls con¬ 
sists, when fresh, of / 3 -sulpfiur—after a short time, of a-sulphur. 
When sulphur has been heated up to the poiitt of viscosity, 
and is then poured into very cold water, the y-modification is 
formed, # w-. amorphous, soft, tough,•reffdis 4 t-brown sulphur, of 
1-957 sp. jyr.; this jdi»o is gia 5 u<illy convefte*d into a-sulphur; 
but it takes forfie time befpijc? this convtiwion is complete." The 
tough state* lasts‘very mych longer if r«sin6us substances, 
iodine, etc., are mixed vrttb the sulphur, qven in very small 
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quantity. This modi%ati<*n form.% part of tlm “flowers.” of 
sulphur (see below). 

Extensive investigations on tms modi/ication, usually called 
“amorphous sulphur,” have b«en made by Alexander Smitjh, 
Holmes and Hall {Z. physik. C/iem., xlii. [j. 469, ajid lii. pp. 602- 
625 ; ]. Amcr, Chem. Soc, 1905, pp. 797.820 ; diem. Cbl., 1903, i. 
p. 274, and 1905, ii. p. O01); ’Alexander ijijiith and Holmes (Z. 
physik. Chan., liv. pp. 257-293 ; Chan. Hoc, 1905, pp. 979- 

1013); Al. Smith and Carson (/..physik. Chau., Ivii. pp. 685-717 ; 
Abstr. Chan. Soc, 1907,0. i?.*208) ; Carson (/. A liter. Chem. Soc., 
I( 9 ° 7 > PP- 499-5 > 7 ) 1 A 1 . Smith and Brownlee (*Z. physik. Chem., 
1907, p. 209); Brownlee (/. Amcr. Chau. Soc, 1907, pp. 1032- 
1052); Smith and Carson (Z. physik. Chan., xi. p. 661 ; Abstr. 
Amcr. Cheju. Soc, 1911, ii. p. 977). * 

We cannot go into details about* their, manifold results, and 
will only say that evidently several fo«ms of this “amorphous’ 
sulphur exisfc, solid, semi-solid or pasty, and liquid, and that 
the “soluble” or “soft sulphur,” formed by precipitation front 
polysulphidofi, is not amorphous, but crystalline. . , 

Further researches in this field have beej made by W. 
Spring (Naturw. Rundsihatt, 1906, p. 494); Quincke {Ann. 
Physik.\ 4], x. Vi. pp. 625-711); Domergue (/. ~Pharm. Chin', 
1904, xx. p. 49^), Raffo ( /. Sot. Chem. hid, 1908, p. 747). 

Engel (Compt. rend., 1S9*, p. 866) found a new crystalloid 
modification of sulphur and .another modification, soluble in 
water. 

Sulphur sometimes appearc of a blue colour, which has been 
studied by Paterno and Mazzuchejli (£/tqu. Chi., 1907, ii. p. i‘i ; 
Abstr. Chem. Soc, 1907, ii„45 t). 

The “dynamic allotropy” of sulphyr is treated by Kruyt 
{Z.physik. Chem.pi 908*pp. 513-561)? the changes in the viscosity 
of “liquid” sulphur by Protinjanz {ibid., 1908, pp. 609-621); col¬ 
loidal sulphur by Raffo (Z. Chem. Infl.pi. Colloidc, 1908, p. 358). 

Solubility,-* The behaviour of sulphur against^ water and 
aqueous solutions of acids and salts, in which “ colloidal ” sulphur* 
is soluble to some e?*terA, h*s beefl studiefl by several phemists, 
among whom we mention RliffaijtfGjaf (Z&j/- 1907, p. 4199); 

Raffo (■/. Soc. Chem.Inci,lQ08,p. 747); Oden (ibid., 191*i,p. 941); 
affoand Manckii (£han. Cbl, 1910, ii. p. 1129*5 *9* i*ii. p. 1305). 

Under Ordinary pircumstances sulptfilr is insoluble in water, 
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ver X little soluble ill alcohol and in’glyqerin, a little more so in 
essential f^ils. Tfie a- and / 3 -r^.odifications are easily soluble in 
. carbon disulphide a'ncj, in chloride of sulphur. * 

■ t Phy s tofogicahiAcf,ien. —The action of sulphur on the fungus 
(Oi'dium Tiwk,cri) v^hjph causes the grape disease is by.Marcille 
(Ac. dcs Sciences, March 20, 1911 ; Chan. Zeit., 1911, Rep., p. 426) 
ascribed to the sulphurous ancf" sulphuric acid adhering to 
various forms of. sulphur: '(This explains why the action of 
resublimed brimstone in that respect is strongest, while the 
ordinary descriptions of sublimed<’iind ground brimstone con¬ 
tain only qoi- 9'02 per cent. 11 ...SO, and arc less efficient. 
Marcillc therefore recommends introducing gaseous SO., into 
theVondensation chambers for sulphur, intended to be employed 
against the Oi'dium. 

Demolon ( Conipt, rend., ‘1912, p. 524) observed that sulphur, 
e.g.An the shape of spentooxide of iron from the purification of 
coal-gas, if used as a fertiliser, had a beneficial influence on the 
development of chlorophyll. 

Thq. action of sulphur against skin-diseases .can be only 
alluded to berg 

Combination of Sulphur zoith Oxygen.— On heating in the 
presence of oxygen or gaseous mixtures containing it (air), 
sulphur inflames. According to Moissan ( Comp/es rend., cxxxvii. 
(1903). P- 547 ). solid or liquid sulphur inflames at ordinary 
atmospheric pressure in oxygep at 282 , in air at 363°. A 
mixture of sulphur vapour and air inflames already at 285°. If 
the air contains SOo, the inflamir-g-point is much higher; with 
S'per cent. SOj- it ,.is .445with io per cent. SO., :465k 
The slow combination of S with O commences at a much lower 
temperature ; it is quite, sensible at 100 ’ within twelve hours, but 
goes on very slowly alreadynat ordinary temperatures. 

( J. Rutherford Hill (Chem. Nezvs, 1907, xcv. p. 1C9) states 
that in 1890 he had foulid the inflaming-point of sulphur at 
ordinary atmospheric pressure = 248'. He criticises Moissan’s 
process and the figures found thereby as not correct. 

Fried/ich (Chem. Cbl., 1969, ii. p, 3^) found the inflaming- 
point of sulphur, in oxygen = i/p 0 , iir air = 348'. * 

Kastle finch M‘Hargue (H/«cc. CImi\. J., 1967, xxxriii. pp. 
466-475) found <hat when sulphur bujns «in oxygen at 
atmospheric pressure,‘about 2-73“ per cent, is concerted into 
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S 0 3 ; when burning in^ir, about 7 ger cent.'of tjje S forms ^Oj. 
The humidity and the present of C 0 2 has Jittle*i(rtfuence on 
the proportion of S 0 3 formed, but nitrogeh acts considerably, 
probably as a carrier of O to SD 2 , evidently,bei«g itseJf oxidised 
in the first instance. ( , , , 

M'Crea and Wilson {Chau. News, xcv. p. 1C9; xcvi. p. 25) 
found the inflaming-point of , Sulphur = 26£'. Already far below 
this SO, is formed. %• * , 

Sulphur burns with a purplish-blue flarue. In forming 
sulphur dioxide (SCX,) it gitcs out 2221 metrical units of heat 
per gramme of sulphur. More* cxactfy, according |o Thomsen 
{fieri. /At., 18S0, p. 959), the heat cyolved in burning the 
different modifications of sulphur, expressed in atomic calories 

(that is, applied to 32 g. of sulphur) 1 , is:— 

, • 

S (rhombic, octalicdric) + 0 , = SC 7 ,= +71,080 cal. 

S (monoclinic) . . . + 0 , = S 0 ,= +71,720 cal. * 

• . . 

Hence the conversant of,32 parts by weight <*f monoclinic into 
rhombic sulphur is accompanied by tin?evolution of 640 f alo/ies. 
Perthelot, however {Comptcs rend., xc. p. !449), < states the figure 
for octahedric sulphur*= +C92C0 atom. cal. = 2164 g.-calories. 

Hydrogen combines with sulphur very slightly at a tempera? 
ture of 120 0 , v ‘ry sensibly so at 200". On boiling sulphur with 
water, hydrogen sulphide is avolved and sulphuric acid is found 
in the residue (Cross and Hjggin,/. Chan. Soc., xxxv. p. 249; 
cf. also Colson, Bull. Sac. Chim. [2], xxxiv. p. 66; bohm Jahrcsber., 
1883, p.225). « 

Commercial Descriptions of Snip hurl— % The •sulphur occurring 
in commerce as refined sulphur , in rolls or as rock-sulphur , is 
frequently almost chemically pure. Blowers of sulphur always 
contains a little ,“ru!ph\irous acid, al«o some sulphuric acid, per¬ 
sistently retained in spite of prolonged washing; this form owes 
its greater efficacy against diseases*of the vine (oidium) and 
otlior cases principally to this property. 

O. Roessler {Arch. Pharm., 1887, p. 845) states that sulphuf 
in rolls is practical^ fsee /rom a'cids of’any sort. Flowers of 
sulphur contain a somewhat consfderablc*cyiantity of sulphurous 
acid (>oo g. up to 3-^4# c.c. of SO.,), whiclf may b<? partially 
oxidised to sulphurjp acid ; thiosulpfiuric acid i^not»found in it, 
but in milk of sulphur (up td 0-15 permit.). 
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Natural Olturrymc of Sulphur. 

> f 

Sulphur occurs in nature in very large quantities, both'in the 
free state and in^onj'uination wit}) other bodies as sulphides and 
sulphates. .Deposit^ of sulphur are forming at the present day, 
especially in volcanic countries, by the decomposition of sulphur¬ 
etted hydrogen and of sulphurous 1 acid. 

Daubree (Comptes reud.ncv.^p. ioi) noticed a recent formation 
of sulphur in the subsoil of Paris, from the action of organic sub¬ 
stances on sulphates ; and* the sam<j 4 iction has been observed in 
many mineral springs, where it* is especially attributed to the 
action of Alga:, such as Rcggiatoa, OscU/aria, and Ulothrix 
(Cotdptcs rend., xcv. pp. 846 and 1363). 

But of far more consequence are tire beds of sulphur deposited 
in former geological periods. The most important of all are 
those of Sicily, in the ch^lk. The Sicilian sulphur industry is 
c ,described in detail by Angelo Barbaglia in Hofmann’s Official 
Report on the Vienna Exliibition, i. p.» 144, land by l’arodi 
{Ber t , 1574, p. 358). 

Further descriptions of the Sicilian sulphur industry are 
found in the Chem. Zcit. of 1882, pp. 1589, 1405, 1421 ; also 
fn Z. angew. Chem.. 1890, p. 56, in the /. Sue. C/tem. I ml., 1890, 
p. 118; by Bechhold, Z. angew. Chem., 1894, p. 33; by Frank, 
ibid., (900, p.843; by lungfleisch {Moult. Seicut., 1901, p. 511); 
in Chan. Trade J., xxxv. p. 92 ; by Bruhn (1 Qicm hut, 1910, p. 64). 

Probably the most exhaustive description of the modern 
Italian sulphur industry is that given by Aichino, in Mineral 
Industry, viii. p/592, and by I’helen, in Min. Ress. Unit. States, 
1910, ii. p. 785. * * 

The principal Sicilian sulphur districts arc near Girgenti, 
Cattolica, Licata, Caltanisetpa, Racalmuto, Zolfari, Cominittini. 
The sulphur region has an extension *of about too to 500 
miles from east to west,- and 55 to 60 miles from north to 
south. The sulphur beds belong to a number of, small owners, 
part of them being let to undertakers, and tht* methods of 
extraction are kept greatly belling lyv yie lack of intelli¬ 
gence and capital caused thereby.« The men’work partly 
in the sulphur -mines, and partly in tfu$r own‘vineyards, etc. 
In 1904 the ( fe \ter t e about 1 400 mines, large^and small, of very 
different degrees of efficivxipy. The'ores found there sometimes 
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contain up to 70 per, ceift. sulphur ; but'on .the a\tcrage the 
“richest ores" contain 30 to 48 per cent., thp “ridvores” 25 to 
40 per cent., the “ middling ores ” 20 tr» 25 per cent. S. The. 
first class yields 20 to 25 per cent., thetsecend ij to 20 per 
cent., the third io to 15 per cent, saleable sulphur® Ores below 
S per cent. S do not pay for working. 

According to Frank {loc*. at.) the to^l stock of sulphur in 
Sicily, as far as it has been hiJhfcrto proved) is estimated at 
million tons (former estimate* speak only of 10 or 20 million 
tons). , '* , 

The first quality of Sicilian sdlphur (p»ima. Lercara 1 or 
prima Licata) is of a fine amber colour, in large shining pieces, 
and does not contain more than 1 per cent. ash. The second 
quality (neconda vanlaggiata) is $till fine yellow, but not so 
shining, with ash up to 2 per cent.; ‘the third (terza vantaggiata), 
which is that generally used for sulphuric-acid making, contains 
up to 5 percent, ash and is coloured brown, partly by bituminous, 
substances, partly by amorphous sulphur. * 

The following are analyses of Sicilian brimstone, hy Mene 
(probably “ best thirds ") (J Ionit. Sclent., 1867, p. 400) 


Sulphur soluble 111 CS, . 

96-2 

92.1 

92-1 

9 i ‘3 

90-1 

90-0 

887 1 

Sulphur insoluble in CSo. 




i *5 

2-0 

2-1 

1*7 

Carbonaceous natter 

o -5 

1*0 

i-r 

0-7 

1-0 

i*r 

1-0 

Sami 

Limestone and birontium 

i -5 

2-3 

2-8 

3-3 

2-3 

2*8 

5‘5 

sulphate . . *. 

i*8 

• 4*1 

3 -o 

2-5 

4-1 

3 *o 

2-8 

Total 

100-00 

• 99*5 

99-0 

* 

99-3 

99-5 

99.0 

4 ) 9*7 


* 

Ihe average price of,sulphur in Sicily in 1881 was 115 lire; 
in 1882, 105 lire; in 18^7 only 69 lire (,say £2, 15s.) per ton. 

A report by the Italian Ministar of Agriculture for the year 
1894 ( Chan. Ind., 1895, p. 182) describes the depressed state of 
the Sicilian sulphur industry. • 

4 n 1896, by the formation of the Anglo-Sicilian Sulphur 
Company, working with English capital, the Sicilian sulphur 
industry was at last*pla«cd*jn an economically sound joasis, and 
at the same fimc'the ruifious.cutting cfqwn of prices ceased. 
During 1900 the aver.'Igt? price for*‘ g best thirds ”*waj ’£$, 13s. 6d. 
per ton f.o.b. Catania. 

1 The ^eicara mine is no\y t«li.iusted (1911). 
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The figures for Portugal include Spain from 1904 onward. The quantities for a number of years previously to the above are given m our second edition. 
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In the year 1906. theVhole of the SiciJian brinfctonc pro- 
ducq-s were compelled to join the “Consortium fS/the Sicilian 
sulphur industry” for twelve years; ^s’per cent, interest on- 
the capital being guaranteed by the St&te,*whiclf nominates 
the general manager. # , . „ 

The Sicilian sulphur industry has, of course, been extremely 
damaged by the enormous developments the Frasch process in 
the United States (see below), ‘Details on tin's point are m'ven 
in the speech of Mr Frasch on the presentation to him of the 
Perkin medal, reported in /. Qm. S S c. Ind , ,913, pp. , 39 ctseq , 
rh <: table on p. 20 shows the exportation of .sulphur from 
Sicily from 30th June of one year to 30th June of the next. 

TheGerman Consulate at Palermo (Z.angtw. Che w„*oo 8 
p. 1946) ftakes statements concerning Sicilian sulphur, to which 
we append some more recent statements* 


Year. 1 tyodnetum | ICTi>oHat,lc>n 


1902 

1903 

1904 

1905 

1906 


Tons 

. 503,356 

536,044 

499,3 

538,354 

47.M90 


i 


•Tons 

467,319 

475,50s 

475,745 

456,260 

401,627 


- 

Yc'a r 

1908 

1909 

1910 


1’ioiliirtion. 

^ons. 

399,672 

413,580 

404354 

395.836 


K\i„,rtaLi(jj4, 

Tons. 

►341,951 

375,073 

364.901 

395,959 


. In I9 ° 9 ’ - 9 ' 7 ° Per cent, of the Sicilian sulphur was obtained 
in ovens 28.70 per cent, in-calcaroni, 9.94 per cent, by super- 
cated steam 088 per cent. Joy other methods. Campania in 
1909, produced 40,298, Calabria 38,553, Siena 309. tons sulphur. 

k total production of sulphur in Italy (including the 
Romagna, etc.) has been* . * 

* • 


Year. 

T«n*. I 

1901 • 

*554,096 ■' 

1902 

530,93s 


1903 

545,030 


1904 

519,255 


1905 

_ _ _ • _ 

559,967 



Yoar. 

. 1906 

1907 

1909 

1^10 


Tons. 

490942 

420,000 

435,o6o 

430,360 


sulohnr ? I9 ° 8 ’ P ' I4 , S) that the Percentage of 

in hi ^ tH<: ' SlC i mn S . re f ls greater thaji is usually stated, and 
than r° pln,0n : th<2 kc *' d I?lade *^ ro f n the na fosts ong-third less 
on the sisl hinkS tht .BOorer ores* should be used 

shall sen f, 1 al1d , tile nche ; ones exported to America. [We 
shall sec below th*t it is too late So, such proposals.] Bruhn 
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(Client. Zfit., i$o8, p. 457) dacidedly 8bjc<»ts to Oddo’s opinion 
on the possibility«of Sicilian ore competing with pyrites; cf. 
■ also Z. angciv. Chcm^* 1909, p. ;6o. Another paper on this 
subject by Oddo kppfcjfred in 19A) (Gass. Chim. Ital., 1910, pp. 
217-312 ; abstract in tJ < Soc. Chew. Ind., 1910, p. 624). 

Northern Italy formerly yielded a very large quantity of 
brimstone, especially tj>e Romagna ; but many of the beds are 
now exhausted. The production decreased from 23,274 tons in 
1886 to 21,663 tons in iS8;j, and 31,2^9 in 1901. It was 21,926 
tons in 1907, 25,105 In 1998, 23,068 lii 1309. The whole of this 
brimstone is *ised‘for inland consumption, as a remedy against 
the vine-disease. . 

Sulphur containing selenium is found in the Lipari Islands 
and near Naples, but not in quantity. < 

In many other parts of the world deposits of sulphur have 
been found, but, with exception of those discovered in the United 
' States, they have made as yet no impression on the sulphur trade. 
The more important of these sulphur-mines*are the following:— 
T'he'-United Kingdom produces no native brimstone, but 
only sulphur reaovered from alkali-waste with which we are 
not concerned here. According to the Annual Statement of 
the Trade, etc. (" Rluebook”), for 1910, the following quantities 
of brimstone were exported and imported, stated in cvvts.:— 



1000 

I'lO, 

nos. 

« 

11|(W 

11110 

_ 

1911, 

Exports . 
Impofts . 

82,445 

509,650 

c 

51,889 

346,851 

t * 

44-i)32 

385.442 

41,877 

417,509 

43,627 

403,438 

418,700 


Andalusia produces sulphur, some of which is refined in 
Almeria. , 

In Germany sulphur has been found ?{ Staksfurt (her/. Her., 
1899, p. 192) and in Upper Silesia, near Ratibor, where beds up 
to 20 ft. thick exist (1 Uie/h. bid., ii. p. 136; Hischcr's Jahresher., 
18S2, p. 223,; Gottstein, in Chan. Zeit., 1907, 0*269). It "has 
been worked by extracting it from the ore by means of carbon 
disulphicje. , 1 < 1 

The production, of sulphyr ip Germany, as indicated by the 
official statistic^ docs not distinguish between natural sblphur 
and that whfch is recovered ip the Loblanc process. It amounted 
in 1897 to 2317 tons; in 1*898 to 1954 tons; in 1899 to'i 663 tons. 
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In 1899 the importation was 41,196 terns; .in iggp, 40,689 
tons ; f in 1901, 32,750 tons; ifi 1902, 27,1^6 to’»*; in ‘1909, 
42,941 tons; in 1910, 46,776 tons. The »xf>ortation is insignifi¬ 
cant. Most of the sulphur ie employed Vheje for .the manu¬ 
facture of "sulphate paper pulp” from woqfl. . 

In Austria , at Swoscowicc near Cracow, an old sulphur-mine 
exists which for some year§»was carried^on with great vigour, 
the sulphur being extracted frotrj the marl means of carboh 
disulphide. This bed is now practically exhausted,and the mine 
has ceased working (Wagner’s Jalircsbcr.f 1878, p. 333, 1879, 
p. 272; Fischer's Jahresbcr., 1&85, p? 204). 4 large deposit of 

native sulphur is reported to have bycn found in the Borgo 
Alps, in Transsylvania ( Client. hid., 1903, p. 147). • 

In Greece, on the island of Mila, sulphur-ore is found which 
is used in the raw state for dusting the j’ifies ; about IOOO tons 
per annum are extracted as pure brirgstone. 

Russia possesses considerable stores of sulphur. A bed of 
brimstone has beeif found by dluschkoff .in the Astrachan* 
Government, on the cast bank of thc'Buskuntschak sa^t-sea ; it 
is a mixture of smidy rock with 30 to 35 per cei^t. of pure sulphur 
(I’tseher's J(thresher., 1884, p. 264). 1 n West Siberia considerable 

beds of sulphur are said to exist. In the Vistula district»a 
sulphur-bed 1, being worked at Czarki, which in 1883 yielded 
60,000 pud. In the sandy steppe of Karakum a large number of 
conical hills have be«n discovered consisting of sulphury rock of 
50 per cent. {them. Zeit., 1884, p. 478). In the north of the 
Caucasus, in the Grodno district, sulphur has been foujid by 
Baron Hcyking (6 hem. Zeit., 1887, p^ 1630). According to 
Chew, hid., 1892, p. 443, sulphur is" obtained at Tschirkat in 
Daghestan to the extent of 300,000 pud (at 40 lb.) per annum ; 
the selling price was*then m 8 roubles per pud. 

According to Chan. Zeit., 1894, p. 2002, a large bed of brim¬ 
stone has been found in Transcaspift, 60 versts from the pflrt of 
Usun-Ada oi> the Caspian Sea, only 2* versts from a railway-line. 
The bed is just below the surface of the ground and is worked 
by open quarrying 1She«ore cOntains from 35 to 40 per cent. -« 
sulphur, and cost? 20 to 25 cogdks at USun-A^la. If fhe results 
expected were reali^tl, Russia* would tJecome Entirely in¬ 
dependent of* Sicilian sujphur. Vossibly .tlfis ^ the same 
occurrence which js reported inyC^c? Chem. Ind., 1900, p. 867, 
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as “the Richest jn tHe world,’’ ioo miles £rom Khiva, extending 
over 23 square m(lcs, but nothing has been heard of it since. 

In Turkestan, n< 5 rt{i of Aschabad, according to Chcm. Zeit., 
1912, p. 766, thcsulghAir beds existing there are to be worked 
by a newly formed (,'ompany. 

Chonski {Chcm. Zcit. Rep., 1895, p. 411) reports on the 
production of sulphur ( which, he sttys, has been tried in several 
places in Russia,,but has beei* everywhere discontinued. He 
enumerates the drawbacks connected with the various methods 
for extracting sulphur from the raw’ore^ This paper should be 
consulted by^ those who consider any newly discovered vein of 
sulphur-ore as being eqyal to ready money. 

According to Eng. and Min. World , 14th October 1911, the 
Caucasus and Trans-Caspiait beds are not worked because the 
Russian producers 6f, sulphuric acid, on account of the high 
cost of carriage, prefer to iise foreign pyrites. 

Cf. on Russian brimstone, also if. angew. Chew., 1897, 
g. 36; Chcm. lnd.„ 1898, p. 241 ; Niedcofiiftr, Chew. Zeit., 1897, 
No. 30 ;,Machalski, Rug. hud Min. J., Ixx. p. 2(6; (.'hem. Trade 
J, 1900, xxvii. p. 220. * 

Brimstone is got near Mossul in Mesopotamia , near Cairo, and 
it, Tunis. At Djemsah and Ranga, on the coast of the Red Sea, 
the “ Compagnie Soufriere ” is said to get 300 tons monthly. 

Very large quantities of sulphur, arc said to exist in Iceland, 
even more important than those irj Sicily; .the deposits at Guld- 
bringe Sysscl, in the south-west of Iceland, were some time ago 
at work with satisfactory results (Client. News, xl. p. 31). 

Japan possesses very large stores of sulphur, but the absence 
of facilities for increasing its’output and for shipping it has 
hitherto very much restricted the development of the sulphur 
industry in that country. Formerly (cf. •/. Soc. Chcm. Ind., 
1890, p. 344) there was only one place where sulphur was worked 
on $ somewhat considerable scale, namely Atosanobori, near 
Kushiro, on the south-east*coast of the island in which the port 
of Hakodate *s situated. The Atosanobori mine is part of an 
extinct volcano, whosc»crater And slopes arf partially covered 
with a ;fo-per-cqpt. sfllphur-ofc. Aeco’rding* to ’ the lowest 
estimate tiffs mine‘contains * million«t$ns of good ore, but 
there is probably five times' Is much, The output in 1905 was 
about 20,000 tons per arfngm*; the rt>st of the sulphur free on 
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board at Kushiro vva# thSn aboufc £i, ios, ied. bit it. has 
hitherto been shipped from Hakodate, where «t co.^t'^2, 3s. 2d. 
per ton in 1900, which is not remunerative,* In 1905 the price 
was from £3, 2s. to £ 3, ios., according to quhlitf. Tilt exporta¬ 
tion was 1541 tons in 1885 ; 4972 tons itj S86 ;* 7^196 tons in 
1887; 3C09 tons in iSSS; 15,700 tons in 1895; 14,435 tons 
in 1900; 10,705 tons in 1961; about ,1,5,000 tons in 1905; 
33,600 tons in 1907; 33,700 (Torts ’in 1908.* The shipments 
generally go to San Francijco.* Ordinary Japanese sulphur has 
a greyish colour. , , 

Apart from the ordinary sulphfir, which* sometimes con¬ 
tains traces of selenium and tellurium, there occurs in Japan an 
orange-red variety, containing 0-17 per cent. Tc, 0-06 Se, 5 -oi 
As, traces*of molybdenum and earthy matters (Divers and 
Shimidzu, Chcm. News, 1883, No. 1256). • 

A considerable source of sulphur liras been discovered on •the 
volcanic island of Etrofu, about half,way between the northern 
extremity of Japan and Kamschatka. In 1930 already io.ooc- 
tons sulphumvcre mined, and it is expected to reach 3*0 tons 
per month (/. Soc.’Chem. Ind., 1901, p. 300). > 

A small island belonging to New Zealand, evidently the 
crater of a huge submerged volcano, which contains large 
deposits of sulphur, has been described by M'lvor ( 67 *7//. News, 
1887, lvi, p. 251). It will probably be very soon submerged as 
well. One thousand six: hundred and ninety-two tons of sulphur 
were produced in that colony in 1900. 

Enormous quantities of sulphur exi^t in the United Statrs of 
America, but in many of the localities, where "sulphur deposits 
have been found, these have not yet been worked at all, or the 
working has been given up after a period of unsuccessful efforts 
for overcoming tffe difficulty of extfacting commercial sulphur 
from the raw ore, or on account of the distance from the plajes 
where the sulphur can be profitably ut(jised or sold. In 1908, 
as reported in •Mineral Resources of the United States for 1909, 
p. 686, sulphur was commercially produced only in four States 
of the Union, e.g. iru Lcjiisftxna, Nevada, £ftah, and Wyoming. 
Sulphur has also been" found in Tex^s. The p^lorado^ Sulphur 
Company ceased worlir% in so that ’this state is 

now excluded ffom»the sulphur-prpducing States. • As here¬ 
tofore, the bulk pf the ’output. »f*.sulphur came from 
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Louisiana (fakasicu Parish), owing to .the constant extension 
of the Fratdh process, to be described later on. The production 
of Utah and Wyo'mtng had decreased to some extent. The 
.Utah deposits ifrc known as thfc “Cove Creek beds,” and are 
located nea? Black Rqck Beaver County. In Wyoming sulphur 
is mined near Cody, and near Thcrmopolis. In Nevada the 
^proprietors of the Ccyje Creek mifte started in 1886 the working 
of sulphur by Sickert’s Jirdcfss (sec below), but only a few 
thousand tons per year a(e got therf. 

The most interesting and important deposit of sulphur is 
that discovered «in 1902 fn the Grand Gulf Basin, near Lake 
Charles City, in the parish of Calcasieu, State of Louisiana. 
Tub wells have been bored at different localities, which struck 
sulphur at a depth of about 450 ft. The first and thickest 
bed of sulphur is twin idS to 112 ft. thick; in the northern 
portion of that deposit 'depths of over 500 ft. of sulphur have 
been reached. This layer contains near the top <*2 per cent., in 
-the centre 90 pec cent, of pure sulphur. ' One of the wells has 
beon continued lower down, and proved the existence of several 
smaller beds of. rich brimstone-ore, and several hundred feet of 
gypsum containing sulphur ; in the other well no gypsum, but 
calcareous substance containing sulphur is found. The working 
presents a difficulty, as there are several hundred feet of quick¬ 
sand on the top of the brimstone'beds, which is, however, over¬ 
come by the Frasch process, to be described below. Details in 
the Eng. and Min. J., 1904, 1.3th Oct., and in Chan. Trade J., 
xxx«v. p. 395. , * 

In Texas , ii'i thy yalley of the Brezos River, S.W. of 
Galveston, a large deposit of sulphjir has been found, which 
is to be worked by M,cssrs S. M. Swenson & Company, who 
had for this purpose bought 10,000 acrejof lalld. 

€ The following statements on the production of sulphur in 
the United States (see, 'Fable, p. 27), and on the importation 
from abroajl into the States are taken from the various volumes 
of the official Mineral Resources of the United States. The 
figures denote “long*tons” (I240 lit; =<016-648 kg.). 

The s < udden*and,momejito'u,s inefease ofthe production and 
decrease of the importation of pyrlt#s since’ the year 1904, 
testifies tcathe sutcess of the Frasch process for the extraction 
of sulphur from raw orcVp.. 30). 



27 


NATURAL OCCURRENCE OF SULPHUR 
■ 1 

The exportation in jgocy was 37.-,142 tonS; ig 1910, 30,742 
tons. t > • • 

In British Columbia, on the Skeena Rivet* a large deposit of 
sulphur has been found, and it was expeoted, to simply the 
Puget Sound Country, and eventually the wjiolc pacific Coast, 
from this source (/. Soc. Chan, hid., 1901, p. 1040). 

Sulphur is found also in rfi;,ny other pjaces in America, eg. 
in the volcanic regions of Ecuador ;(nd Mexico, at Chilian in ’ 
Chili, and elsewhere. 





Importation from Abroad,, tons. 



Production. 

— 
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Tons. 

Crude 

Flowers of 

Kolined 




Sulphur. 

Sulphur. 

Sulphur. 

T " UI ” 

l8qi 

1,071 

116,971 

206 

10 

117,187 

18 r - 

1,630 

100,938 

158 

26 

101,122 

1893 

1,200 

107,601 

241 

41 

107,885* 

1S94 

*441 

124,467 

165 

41 

124,673 

1895 

1.650 

125,950 

58’ 

229 

128,410 

1899 

3,800 

145,31.3 

206 

44/ 

146,430 

1S97 

*, 690 

138,846 

15S " 

148 

13fl.3I3 

1898 

2,726 

159.790 

241 

163 

160,460’ 

1899 

1,565 

140,841 

165 

184 ■ 

141,361 

1900 

4,630 

166,457 

581 

142 

167,328 

1901 

6,867 

174,194 

74S 

262 

175,104 

1902 


170,601 

738 

14 

171,453 

1903 

34,.v)6 

188,990 

1,854 

160 

191,004 

1904 

127,2 !2 

127,996 

1,332 

163 

129,491 

1905 

181,677 

82,961 * 

572 

779 

84,312 

I906 

294,153 

.72,404 

1,100 

700 

74,204 

1907 

293,106 

20,399 

1,458 

606 

22,463 

1908 

369,444 

19,620 

793 

693 

2 r,ri6 

1909 

239.312 

28,800 , 

770 

966 


I9IO 

255,534 

28,656 

1,024 * 

1,106. 

<- 



It has long been knovtm that the crater of the Popocatepetl, 
in Mexico, contains large quantities of brimstone; and a rail¬ 
way has been projected in order to get at it. In the year 1884 
an annual production of 50,000 tons of brimstone was expected 
to bogin with, and vitriol-works were to' be erected all along the 
line ( Fischer's'jahrcsber., 1884, p. 265). But a Visit of two- 
American engineers^ repprtf d in Eng. and Min. J., 1904, lxxvii. 
p. 73 °i disclosed tire facf that the*product'lon of new sulphur in 
that crater is only 120 5>,»in a monti? 1 ’ '' > 

The quantity of julphur in Lowef Califorrya (’Mexico), about 
50 miles from the U.S. fronffer, was tsymated in 191 1 at several 
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mipiont'toi\s, of which 6a,ooo torts of»45 per cent, ore are in 
sight. T«hfc rock is so soft that it can be won by the pick-axe 
and spade. At pi'esVnt the bed is not worked. 

In Z\ angCtv. Chan., 1912, *j>. 366, a report is made of an 
enormous *>bad of sulphur near Cerritos, in the State San Luis 
Potosi, which is stated to be one of the richest in the world, and 
to furnish 800 tong^of refined ^sulphur per month. The bed 
begins 20 ft. under the 'suffftce of the ground, and has been 
proved down to 190 ft.,jbut it seertjs to extend “infinitely far" 
below. The ore contains from 37*10 qp per cent, pure sulphur ; 
one-third <jf it ss consorted in the country; the remainder is 
exported to Germany. Another, much smaller, bed exists at 
Vdnado, in the same State, it forms a layer 10 ft. thick,just 
below the surface, and fuhiishes 3 or 4 tons sulphur ore per 
day. ‘ . 

• On the island of Saha, one of the Antilles, there is a bed of 
brimstone, yielding on ap average 45 per cent, of sulphur, 
which was worked for some time, but ha'd to be abandoned as 
not paying the expense '(Ding/, po/yt. /., 1886, cc!i>*. p. 43). 

In Chili brimstone is found at a height of from 12,000 to 
13,000 feet above the sea. The mines, which were started in 
September r900, by an lquique Company, arc 54 miles from 
the nearest railway station. The product is said to be of very 
good quality; it is used in 'the provinces of Atacama and 
Tarapaca for the recovery of iodine, and for making blasting- 
powder for the nitrate works. This seems to be the Taltal 
depesit mentioned in a Consular Report, quoted J. Soc. Chem. 
hid., 1901, p. rt>39. , In iqoi, the working was stopped as 
being at present unremunerative ,{Z. angew. Chau., 1901, 

P- 1243 )- 

In Venezuela large beds of sulphur Jiave been found, 20 or 
30 miles distant from the coast, with which they are to be 
:onnected by a wire-ropc*line. The beds are to be worked by 
:he Deutscji-Vcnezolanische Schwefelgruben A.*G., at Cologne. 
It is stated that the ore averages 62 per cent, sulphur. 

As reported in Chem. Trade /.* i«yi2, i. p. 151, very large 
ieposits of sulphur o/e, containipg aBout65 per cent, of sulphur, 
lave been discovered in Soifth Africa,*b«t no particulars about 
his are ginen. * • . • • 

The world’s production .of sulphur for §ome years is stated 
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in the Mineral Resources, elt., 1906,(1. 1106, in metric tons # (at 
1000 k^.), as follows * • 


Country. 

1904 . • 

• J 

1905 % • 

* 900 . 


Tons. 

TJIs* 

Tons. 

United States . 

129,329 

184,584 

398,859 

Austria .... 


1,700 

. $flo 

4.579 

Chili .... 

3,595 ^ 

4,000 

France .... 

834 * ' 

740 • 

7S9 

Greece .... 

i » 22 4 

1,126 

1,200 

Hungary .... 

\H 3 

• 135 

140 

Italy .... 

, 527:563 

568.92? 

499,814 

Japan .... 

25,587 

. 24419 . 

24,000 

Spain .... 

2,232 

2,285 

• 2,263 

Sweden .... 

35 




692,684 

• 787,426 

832,644 


-- 

♦- + — 

- 


In this enumeration Germany and Russia are not mentioned. 
The former produces about 1200 tons, the latter about 500 tons 
of native sulphur. • , , 

No notice js taken in the above talfle of the producfcion.of 
sulphur from alkak waste and other source^ by chemical 
[irocesses. 

A new use* of sulphur, according to the Chem. Trade * 

1911 (vol. xi.'x. p. 497), is that as a fertiliser; it acts as a 
disinfectant, and is absorbed iu the fibre of the plants. 

Manufacture of Commercial Sulphur from Native 

Crude Hrimstonc. 

% * 

The old Sicilian “calcarone" mjitho^l, described in all older 
text books, need nut be described here, as it is now obsolete. 
On p. 18 we have quoted the books in which the former Sicilian 
methods are described *y detail; hert: we shall treat only of the 
more recent apparatus used for the purpose of obtaining com¬ 
mercial sulphur from the raw ore by fusyig. 

In'rccent ycjrs the “Gill kilns” have rapidly gained ground 
in replacing the calcaronc methods, and they increase the out¬ 
put of sulphur by 50 per Sent These kilnj consist of jyi oven 
covered by a cupola* called a “c<jlf” ; insida t^iefe is a smaller 
cupola, vPithin which a cok£fire is bulling. Each cell holds from 
5 to 30 cub. metrds oftore. There aregenerally*six celis working 
in an angular battery. The "gases generated in the first cell 
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pa?s by lateral channels imto the n£xt; «by the time the fusion is 
completed' in the first cell, the contents of the second c cell are 
already heated up't^the igniting-point by the gases, and so on. 
The gasfcs heavily'charged with sulphur are not lost as in the 
calcarone^rsethodi the yield is much larger, the time shorter 
(three or four days for each cell), and as the quantity of smoke 
is much less, the w<ork can bc^continued almost all the year 
round without danger to'the'crops. In 1888 there were only 
365 cells in 40 mines, 01,1894 the lynnbcrhad increased to 1821 
cells in 225 mines) that is over twd-thifds of the total. 

E. F. Whitc"(/;««-. anil Min. /., lxii. p. 536) extracts sulphur 
from sulphur-ores by passing the latter downwards between two 
conical steam-heated vessels, where the sulphur is fused and 
runs out at the bottom. ' 1 

De la Tour de Kreuil \Comptfs rend., xciii. p. 456) employs 
a 66-per-cent, solution erf calcium chloride for the same purpose. 
C. Vincent recommends, this process (Hull. Sac Chim., xl. 
p. 528). * 

■ K. 9 Walter, in Milan, has patented an apparatus for continu¬ 
ously melting «ut sulphur by combustion of part of the sulphur 
itself, and converting the sulphur dioxide formed into sulphuric 
acid in lead chambers (Chan. Zcit ., 188C, p. 1199). 

The American patents of F. Dickert, Nos. 29S734 and 
301222, describe an apparatus for melting sulphur, consisting 
of a jacketed pan connected by a perforated diaphragm with 
another jacketed pan turned bottom upwards. The melting is 
produced by rneans of steam intloduced into the jacket. 

Sanfilippo (Er. P< 346834) utilises the SO., formed in the 
sulphur kilns by part of the S getting burned for the manufac¬ 
ture of sulphuric acids.or otherwise. 

The Frase It Process. 

A complete revolujion in the production of commercial 
sulphur frqm hitherto unavailable crude ores h$s been brought 
ibout by the ingenious process of Herman Frasch (U.S. Ps. 
^61429^,461430, 4(^1431 ol 1891*7, tohioh is applied to the 
Louisiana suljdiuf, where quicljsancf makes ‘t impossible to use 
:be ordinary methods (suft-’i, p. 26). * • 

I heard of thiif process already ia 1893 frftm Mr Frasch himself, 
jut, it took a good many years before it reached a full success 
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The description of its sjatc in 1902, yi the tttird .pditioij of this 
book, gp. 18 and 19, showed that fucccss had th'511 been distinctly 
attained, and the figures, given supra , ^ $7, on the sudden 
increase of the production of sulphur in tj't United States, are 
the best demonstration of this. In February I9p2^1 received 
from the inventor (Mr Frasch; a set of pliotognphs, taken on 
the spot a few weeks before,‘exhibiting yie manufacture on a 
f large scale, the pumps disehargiSg a full 3-in. .stream of liquid* 
I sulphur all through. The builer-power was being increased 
from 2100 to 4300 II.P. I 5 v to then the average production 
was 100 tons per day from one well; up to 2$o tojis per day 
had been realised before. 

« 

In 1904, as reported by the Rug. and Min.J, 16th October 
1904, two '.veils according to the FraVh system were in opera¬ 
tion at the Sulphur Mine, Louisiana,*by thf Union Sulphur Co., 
with a daily output of 500 to 750 ton% (maximum record 850 
tons) of sulphpr, and it was estimated that 200,000 tons would 
be got in that year. 

Ld. [ lart. in the J. Anicv. C/icm. Set., 1905, xxvii. pp. ^33 
ct set/., reports that* 16,000 tons per month of brimstone were 
then taken out by the branch process. As much as 23,000 tons 
have been takcit out of one well. The existence of 40,000,000' 
tons has been piovcd. The holes are drilled to a depth of 800 
ft., and a 13-in. casing is driven in. Inside this a 10-ia, then a 
3-in., and finally a i-in.-pipe art; inserted. Between the 3- and 
10-, and the 10- and 13-in. pipes superheated water is forced into 
the well by its own expansive* force. Jhe sulphur melts «md 
rises to 400 ft. in the 3-in. pipe, from whicji it is raised to the 
surface by compressed air through the * -in. pipe. The molten 
sulphur is run upon the ground in ponds made of rough boards 
72 ft. square and r 4 ft. high. It cost* $2-90 f.o.b. per ton. 

In November 1904 it was reported that the mines were 

’ 'PPmg about 800 tons daily, th<* maximum being s3o 
tons. . .fa 


New patents taken out by H. Frasch in 1905 (U.S.Ps. 799642 * 
nd 800127) describe ihe process a? follows. Water is heated 
o a temperature abbve thafat wfrlfch molte*!* sulphur begins to 
arken, by bnngmg it iiartmtact with high-pressuVe *team, and 
2‘T u tith * hC Watt * of ■con^ensationpfoftedJby steara- 

C rough two concenfric pipgs Ato the deposit. The 
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outer pipe opcps n&ar the \ipper part of,the mine cavity, whilst 
the inner oxe is closed at the bbttom, but has a discharge outlet, 
a little above its c!ys«;d end, opening near the lower part f of the 
mine cavity. -Thtf- hot water *melts the sulphur and passes 
away through the /rorous rock, means being provided to pre¬ 
vent its return to tiie surface of the ground. The molten 
sulphur separates by gravity fr^rT the water, and is forced, by 
the steam-pressure, up thrftuglrtan inner pipe, which passes down 
through the closed end of the smaller hot-water pipe, and is 
provided at its lower end with *f strainer. The hot water 
entering tf|e mine cavity* is kept under a steam-pressure less 
than that of a column pf molten sulphur, equal to the depth of 
the deposit below the level of the ground; compressed air 
or the like is forced through a pipe, provided at ite discharge 
end with a perforata) picctf of a metal not corroded by molten 
sulphur, whereby the density of the latter is reduced to near or 
below that of water, and the molten sulphur i£ then readily 
forced up to the surface of the ground by the available pressure 
in file-mine cavity. , 

Frasch’s Amur. 1 ’s. 870620 and 988995, contain some further 
improvements in details of his process. Into the underground 
sulphur deposit steam is injected at a temperatOre at which the 
melted sulphur begins to be pasty when further heated; the 
sulphur is then raised in the moJten condition. According to 
his Amer. P. 1008319, of 14th I^ov. 1911, a well is sunk into the 
underground sulphur deposit, and a retaining wall is formed 
abo,ve the well-hole by introducing sand or other suitable per¬ 
forated lining; Shesqjphur is then liquefied within the retaining 
wall (for instance, by introducing hot water, which is allowed to 
flow away underground), and is remofed in the liquid state. 

In 1905 I received direct information (as* I reported in Z. 
‘ittgeiv. Cheni., 1905, pp. 1009 and 1106) on the state of the Frasch 
process from the Union Sulphur Company in New York which 
works that process. That firm then owned fotiy-eight steam- 
boilers of 150 II.P. each, = 7200 II.P., for raising the necessary 
steam and heating \he watSr to khe.tcrryrerature required, as 
described by I fart, supra. TTic boiters are fired Vith Beaumont 
oil (naphtha).' 1 Although this meth#c£of firing requires very 
ittle manual fabmur, there were 6po men .employed at four or 
dve wells going day anU'uig'ht. Thh average production exceeded 
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IOOO tons per day. A. sanTple jf tfcat sulphur, transmitted to 
me, showed 99-6 per cent, real S. The protlucti&ri at those 
Louisiana works, say 350,000 tons per arihilm, already reached 
two-thirds of the Sicilian production. Aborting tb further 
information, given by Mr Frasch perso^aHy to . n j£ in April 
* 9 ° 5 i they had then at the mines steam-boilers for 13 500 H P 
and a tank of 200,000 barr'efc’ capacity, for the heating-oil’ 
Pour sets of sulphur wells were ihen'in operation; and a fifth" 
was to get to work within two months.. Each set of wells easily 
produces 400 tons of sulphur* in twenty-four* hours, but may be 
worked up to 630 tons, so that a daily* production 06 more than 
3000 tons would be possible. 

In 1909, according to/, hid and Engin. Chan. , i 9 u,*iii. 
p. 355, the “output of sulphur in the'United States had risen to 
339,312 long tons (from 3147 tons ?n 190®)* and of this 37 142 
tons was exported, against a large importation in former years 
1 his enormoua reversal of condition#, it is stated, is due to the 
rrasch process. 


A set of photographs of sulphur ^ouisianaf which 

I have now (,91,; before me, illustrate the progress of the 
process very strikingly. It shows blocks of sulphur, 500 ft 
long 250 ft. wide, and 65 ft. high, obtained by running the* 
sulphur, driven up from the mine through the Frasch pipes, into 
his enormous reservoir. When this bloc* is completed to 6 S 
I . h.gh, it is permitted to congeal; the boards forming the 
’ f ? re , , aken off ’ and the sul P hur ‘s made available forship- 

oTo K ^ u Locomotive cranes pick up 2 \ tons of sulphJr 
■ load the cars; the tune necessary fo t tfais pfirposc has been 
ccn iy much reduced. The harbour from which the sulphu 
^h leave the gulf is S*abine. A mechanical loading-device 

»f 8 c 5 oo ton PS ' 0f 1000 tsns P cr hour i 30 that a ship 

52S m ““ ^ * «* 

In’ Decern bar 1911, Mr Herman Frasch received for his 
Sinm H C ! ln,C T a u aCh ' eVements the S reat distinction of the * 

SThS S' f Chmd ^" d * 

Ingin Chan Cot’ ‘ <ecol : ded 1U - 4 ”™ ^ust. and 

ccounto T;’ ’ PP ' 3 ' t0 ' 4; ’. give a most interesting 

The £ 'n/ent^ns and their.pj;actical ajplfcati.n. 

Ln.on Sulphur Company has Aftered the business of 



34 


RAW MAT^JRIAIJS 

refining* sulphur m Fraqfe; it possesses two refineries, in 
Marseilles rikI fette, the FrSnch vineyards using enormous 
quantities of refineji %nd ground sulphur. These refineries now 
produce about conA'fhird of tho total amount of sulphur con¬ 
sumed in Erancc. 

Other Recent Processes for Utc Extraction of Sulphur 
( "" from l/tw Ores. 

Lalbin (Fr. P. 333094) cxtnactj sulphur from earths and 
especially from tav or woody matfcrs f by means of a vertical 
retort, heafed fvom a fulnace by means of surrounding flues. 
A certain quantity of,air is blown into the retort, in order to 
oxidise gases which might otherwise form explosive mixtures [?] 

Roos (Fr. P. 354688) he'ats earth or sand containing sulphur 
above its melting-point and separates it from the earth, etc., by 
centrifugal action. p 

F.. F. White (Amer. P. t 847869) describes an. apparatus for 
sulphur smelting, Fig. 1, which consists 1 of a cylinder, 2, with 



to 

Fig. i. 


* tracks, 6, secured in its lower portion. O11 these travels an 
ore-charging car, 7, «onstructed of^retforated metallic sections, 
a number of .whicR can b*. indepefldentiy ntoved and are 
provided* with dfimping-soctions. A t ^ump, 25 to 2f, com¬ 
municating vvnth, the cyfinder, is provided .with means for 
heating and a tap-val»(^3i, with a plug, 40. 
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Fleming (Amcr. l’ t 94^926) merits the ore ,by any means 
whatever, and afterwards maintains it in fusion by electrical 
means* out of communication with the* atmosphere, forcing 
currents of steam, with or without air, threj/gh ihe mciten mass, 
and condensing the vapours evolved in cooled receivers. 

Sanfillippo di Luigi (Austr. P. apjliic. A4913 of 1910) 
describes an apparatus for tlie distillation of sulphur from its 
ores, consisting of an iuclinecOstill, fitted vvijh baffling plates 
which compel the ore to keep along the bottom side of the 
still, and heated all over its*«circumfcrence ki order to prevent 
any condensation of sulphur vapours nt the still sid^s. 

Rocasolano [Rev. real acad. srfen. Madrid, viii. 895 ; extract in 
Abstr. Amcr. Ckcm. Abstr ., 19U, p. 3501) first attempted to 
modify the, process of Thomas, wh <3 melts out the sulphur by 
superheated steam, by substituting* for tJ)S steam, air heated 
above the melting-point of sulphur Jry means of a tubular 
system through which circulates steam at a pressure of seven 
atmospheres. This modification was open to i^ost of the objec¬ 
tions to the Jhomas process, and, morfiover, cannot be •recom¬ 
mended on account of the small heat capacijy of air. The 
following process was then devised and is now in use industri¬ 
ally in several parts of Spain. This method secures extraction* 
of sulphur and refining part of it by a single fusion. A cylindri¬ 
cal boiler, holding about 64c kg. of mineral, and having an 
opening near the top for loading, is inclined at an angle of 
40 to 45". The mineral is held in place by a movable grating 
near the lower end, and below this grating the cylinder is 
terminated by an elbow dipping under water* ’ Where heat is 
applied, a portion of the sulphur" melts, and carrying with it 
organic bituminous material volatile at 120“ to 130’, flows out 
of the elbow of die cylinder and is collected under water as 
fused black sulphur of 97 to 98 per cent, purity. As the 
temperature rises, sulphur is volatilised and carried through 
the upper end,of the heater into a cool chamber, where it is 
obtained as flowers of sulphur, as well as through the lower end 1 
of the cylinder, where it is collected in yellow masses of 92'2 to 
997 per cent, purity. Air is excluded fn?m tl)£ apparatus by 
means of water-seals «11 openings. All fhe *priycipal com¬ 
mercial forms of.suljjhur may thus b? obtained irfontioperation, 
and the proportion of each form may £<* varied at will within 
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certain Hmit^. i The follo\i'in^ is & typical single operation: 
from 600 k£. of mineral containing 30 per cent, sulphur were 
obtained 12 kg. flovtete of sulphur and 155 kg. of fused sulphur 
of the sefond ;fnd *Uiird comnfcrcial grades, making a total 
yield of 92-’/ per cent. 

Sulphur Manufactured fryfu Various Materials. 

Free sulphur ds produced ifi large quantities in the manu¬ 
facture of coal-gas , and i? contakiecl in the spent oxide of iron. 
We shall treat of this t later on‘as jnaterial for producing 
sulphur dioxide;* in this place we mention it only as a source 
of obtaining free sulphur. This is sometimes clone by extract¬ 
ing 1 it with carbon disulphide; but this process does not 
generally seem to £>ay (cf. 'J. Soc. C/iem. dm/., 1883* p. 4917 

Gerlach (Ger. P. 239 of 1877) proposed to obtain sulphur from 
sulphur-ores, and especially from the spent oxides of gas-works, 
- by heating them in iron or,firc-clay retorts, whilst at the same 
time superheated steam is passed through. The sulphur is 
said to* distil very rapidly. A description of this process, with 
diagrams, is found in Wagner’s Jahrcsbcr., 1879, p. 268. It was 
tried in Upper Silesia, with sulphur marl, but did not answer 
(Fischer's Jahrcsbcr., 1882, p. 234). 

O. C. L). Ross patented a process in every way similar to 
Gerlach’s (K. P. 713 pf 1879). Other processes of the same 
kind arc described in the Scientific American, xxxix. p. 276, 
and in the Chan. Zeit., 1879, p. 241, by Dubois (B. J’. 13108 
of 1*885 anc i 7129 of 1886; Gcf P. 41718: the last patent 
describes a revolving, report). 

Broadberry (Gas World, 1895, $xiii. p. 643) extracts the 
sulphur from spent oxieje of gas-works by means of benzol at a 
temperature of 70" or 8o° C.n employing a*circulating-apparatus. 
One gallon of hot benzol yields on cooling 2-5 to 275 lb. of solid 
sulphur, and retains 02^* lb. in solution, which is obtained in 
distillation.. From an experiment with 20 lb, *he calculates a 
profit of £\, 6s. 3d. per ton of spent oxide. 

The^ulphur mafic from* gas %>xitle is mostly of a dark 
colour, owing to the,presence*o/ a v^ry smafl quantity of tarry 
substances,anS this makes ft very difficult to sell, so that it is 
nearly always* burned without extracting* it,*as we shall see 
infra, No. 5. 
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In order to remote this da # rk colour, Becignpul *(Ger. P. 
17S020) filters the benzolic or toluolic solution thrbugh animal 
charcoal. He describes an extracting apparatus in the form of 
an autoclave, a charcoal filter, A cooler, an da filler for*collccting 
the sulphur, of such a construction tha # t «the benzol may be 
recovered. The desulphurised mass is treated with lime in a 
high-pressure apparatus, in’ v >rder to * S cover the cyanogen 
compounds. His B. I>. 8530 of 1905 prescribes extracting the 
sulphur by hot toluol, allowing it to.separate by cooling^and 
using the solvent ovej anfl over again. * In his Aust'r. P 
27298 he prescribes mixing the toluol with carbon tetrachloride 

Cornillaux^ (B. I>. 7616 of 1905) purifies the solution of 
sulphur m CS,, obtained from spent gas oxides, by filtration 
through ertke, soaked with concentrated sulphuric acid. 

Maybluh (Ger. P. 148124) extracts spent gas oxide with 
petroleum, boiling over 150' , say at 250" at boiling heat. The 
fusion of the*sulphur greatly assists its solution, so that the. 
petroleum can take up-no per cent, sulphur, and this is 
obtained of •yellow colour, free from tar, and can be* easily 
further purified by'disfillation. , 7 

Vaton and Zuaznavar (Fr. P. 336661) distil the material in 
retorts, with a -ondensing chamber of such dimensions that the’ 
temperature is maintained between 150 and 440) so that only 
pure sulphur is condensed therein. 


Gunther and Frankc (B. P. 11187 of 1907; Fr. P. 
377 |l * 2 7 ) extract sulphur from gangue or other material, 
especially spent oxide of gas-works, by boiling acetylene tetra¬ 
chloride, as a mixture of it with xy^ol; pnpooliflg all the sulphur 
separates except 1 per cejit. remaining in solution. The ferric 
oxide remaining behind may be used oyer and over again, and 
thus accumulates a greyer amount <?f cyanogen compounds than 
is possible with other sulphur-extracting methods. 

Dcronie (hr. P. 372099) heats the*yiaterial to redness, with 
or w aout the‘addition of a hydrated base, with injection of . 
e C , ai ? lnto the. retort, to assist in decomposing cyanides. 

u p ur, ammonia, etc., Acafie ancf are condensed in ay:ooling- 
chamber by water sprays. * 

1 J . H. Williams (B. 4 >T 596 01 19^9) treats the spent oxide 
J f °/ amm «nta»and filters the solution of ammonium poly- 

1 1 e rom the fer/ous sulphide, w.hic& Is converted into oxide 
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by e^poSHire.to'the air andtigajn tre&ted«with NIL,. Sulphur is 
precipitated from the ammonium polysulphidc solution by foiling, 
the escaping N11 :1 fcteiV.g recovered in any suitable manner. 

Gouthlcre anti Ddteancel (Fr. V. 427892) extract the sulphur 
from spent*oxide by,a solution of sulphide Nil.,, K, Na, Ba, 
or Ca, and decompose the polysulphidc solution formed by heat 
pr by CO., and lime, w as to septate the sulphur and to recover 
the purifying material. According to Their (Fr. P. 434673) they 
recover at the same time ammonia from the cyanides present. 

It is not possible to obtain sufphue entirely free from the 
solvent, c.g .’that 'obtained ‘from spent gas oxides, as petroleum, 
aniline, tar oils, and especially carbon disulphide, by mere 
distillation. The Chemische Fabrik Phoenix, Rohleder & Co. 
(Ger. P. 182820, and B. P. 23957 of 1906; Fr. V. 370893) 
attains this object by running the solution, in a finely divided 
form, into water heated “above the boiling-point of solvent; in 
• the case of CS„ say to 70", ?t such a rate that no large quantity 
of the solvent cafi collect there. The small quantities gradually 
flowing in quickly give up the CS„ by evaporation, and the S 
collecting at the bottom of the vessel in the form of leaflet does 
not retain any CS.,. When enough S has collected, the supply 
of solution is stopped and the boiler is heated to about 85' for 
| hour, then allowed to cool and emptied ; the sulphur remains 
on a sieve placed belofv. 

A certain quantity of sulphur is obtained by the distillation 
of pyrites. This, however, pays in very few places, except under 
special circumstances—for instance, at the works of J. D. Starek 
in Bohemia, which formerly .supplied nearly all the fuming oil 
of vitriol, and where the distillation*of pyrites is practised in 
order to obtain a matorial for the manufacture of sulphate of 
iron. Between 1863 and 1S72, 2440 tons of sulphur were thus 
made. The distillation takes place in earthenware tubes 3 ft. 3 
in. long, 5 in. high, and.51, in. wide, quite open at the back, and 
# in front narrowed to an opening of :j in. diaijcter; they are 
glazed with common^salt; and three tiers of seven tubes each are 
placed i« each furnage. For £ach ?ub<* there is a t small receiver 
of sheet-yon ljitlf/ilkid with water, and attached to the tapering 
end of the*tube. The charge of pyrites put into the open end ; 
a slanting*piece of shqct-iron is placed in ffont* and the opening 
is closed with sand or pyrites cinders, as shown in Fig. 2. 
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its heat £ause^ the'distiilatjon of furthej- portions of pyrites in 
the fetort. ,1'his^roccss does dot answer: the flowers of sulphur 
obtained are very acid ; and both the burner and the chambers 
work very badly. similar process has been again patented 
by Labois ^E.. P. 97^i of 1884). 

Buisinc (Ger. P. *73222) heats half-roasted pyrites with 
sulphuric acid, to recover sulphur, ferrous sulphate being 
Obtained as by-product. According to P. 79706, the pyrites is 
to be distilled in closed vessels at.700'' C. and the residue treated 
as above with sulphuric acid. The residue, consisting of sulphur 
and ferrous and ftipric sulphate, can be applied as it is to vines 
for certain diseases ; or else it is extracted with water, the 
residue is worked for sulphur, and the solution, by treating it 
with metallic iron, yields metallic copper and ferrousrsulphate. 

Holloway's process (B. ,P. ;oo and 1131 of 1878) at one 
time excited much attention. He blows heated air through 
melted iron sulphide, thus decomposing it into a q.ipreous matt 
'and a slag, together with free sulphur, which distils off and can 
be collected. The principal aim of this process was the concen¬ 
tration of poor copper-ores in countries when? fuel is expensive. 
It has been described by the inventor in a paper read before the 
Society of Arts, which has been published together with the dis¬ 
cussion following the reading of the paper. Bode ( Dingl.. polyt. 
/., ccxxxii. p.433) has criticised i,t. I)r Angus Smith {Alkali 
Reports , 1877-78, p. 4^) expected important results from this 
process, which is decidedly very interesting; but it has found 
no practical application. « 

Stickney {Eng. ami Min. J., Ixv. p. 674) heats pyrites to red 
heat by means of produedr-gas. There is an escape of ITS and 
SO.,, which are converted into free sulphur by means of a spray 
of salt solution (cf Schaffnerjs and Helbigxs process, Vol. II. 3rd 
edition of this work, pp. 935 et seq)\ ’the reaction is to be 
priSmoted by electric sparks. 

Swinburne (Ger. P. i;?4734)places the sulphidp ore in a bath, 
consisting oT fusible chlorides of heavy metals, h'eats to a high 
temperature and applies the electric,current which produces free 
chlorine Ifrom the cWorides. » The •clflorins decomposes the 
sulphide with liberation of*£ulphur \*hjkh distils off, metallic 
chloride bemg reformed. 

Malzac (Ger. P. 163^^3) obtain* sulphur from the sulphide 



OBTAINING SULPHUR f ROM SULPHUR DIOXIDE 41 

ores of copper, zinc, amj other metal|by digesting them with an 
ammoniacal solution in the prese'nce of air. , *. 

Frflhling, Fleming, and Whitlock (B. P.^0295 of 1900) profess 
to obtain practically all the sulphur from ^FfcS a «by haating the 
ore in a retort in a stream of carbon dioxide or pitrogen with 
the addition of a small regulated quantity^ of oxygen, by which 
only the iron is burnt to Fe.,© r , the sulphyr being set free. 

Walter (Ger. P. 192518) obtains sulphur, in the roasting* 
of pyrites smalls, by a (urivicc similar to the Ilerreshoff 
burner (Chap. IV.) but fitted in a special way, so that the 
condensing sulphur remains in a melted state, and .can be run 
off through one or more lateral pipes.. Or else the roasting 
takes place in slightly inclined revolving cylinders. His proeess 
for obtainiug both rolls and flowers 4 af sulphur directly from the 
ores will be mentioned later on. • . * 

Roos (Fr. F. 354688) obtains sulphur by centrifuging 
minerals containing it at a high temperature. . 

Lalbin (Fr. P. 35*830) sublimes sulphur f*om minerals by 
means of a furnace heated by producer*gas, » 

Fleischer (Ger.»P. 205017), while distilling pff a portion of 
the sulphur in pyrites, leads air and steam into the roasting 
furnace, whereby the residual sulphide is decomposed with* 
formation of ) 1 S and SO,,. The gases from the furnace, 
containing excess of steam, arc cooled first to a temperature 
above ioo°, in order to condep.se the sulphur vapour, and are 
then further cooled, and if necessary water is added in order 
to cause the reaction : 

2 H.S + S 0 ., ?ILQ+#S. * 

The Consortium fur* elektrochcmischc Industrie (Ger. P. 
162913) obtains sulphur from the sijphidcs of the alkaline earth 
metals (Ba, Sr, Ca) by treating them with chlorine, whereby the 
chlorides of these metals are formed. • * 

It has oftep been proposed to prepare sulphur by passing 
gases containing sulphur dioxide, through red-hot coal [coke). A * 
special apparatus for tins*purpose has* been proposed by 
Haenisch and'Schroedct* (B. P. £404 of 1S85). .They pass the 
gases through fire-claj •ylinders filled with*col?e jtTd heated 
from the outside, by producer-gas ; tfie prod lifts *of combustion 
travel through another cylinder, filled i^jtli open brick-work and 
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heated by the ivaste fire-g^ses of the fi»st operation; here the 
undecomposed SO,, the carbon monoxide, carbon disujphide, 
and carbon oxysul^ltjde act upon one another, so that, if the 
current 1 ms beefc properly regulated, ultimately only CO, and S 
are formed. . Or ejse the SO., is at once treated with CO, 
according to the equation 

SV),'MC0 / 2CO, + g. 


This process has been tyied on- a farge scale at Oberhausen 
(cf. Chan. Zeit., 18S6, p. 1039, abstffictcjl in J. See. Chan, hid., 
1886, p, 534), but evidently not successfully. 

J. and F. Weeren, obtain the SO, for this purpose by 
caltfining sulphates with silica (Ger. P. 38041). They describe 
a special apparatus for this reduction and the reduction of the 
SO., by incandescent.cokc t'o S. 

.lleinrici [Z. angav* Client., 1S98, p. 525) employs this 
reaction for the purpose of,utilising the acid tar formed in the 
purification of mineral oils. By heating this SO., is evolved, 
which fa reduced to free S by red-hot coke. • 

Baggaley (/Jmer. P.805701) obtains the'sulphur contained 
in certain smoke gases by filtering them through a travel¬ 
ling combustible filter and burning the whole in’order to obtain 
sublimed sulphur. 

The Soc. an. Mtjtallurgique •“ Proccdes Laval” (Ger. P. 
196604) reduces SO. from gaset containing it to free sulphur 
by carbon monoxide. The SO., gases arc introduced into the 
furnace centrally, and the CO, or ^corresponding mixture of fuel 
and air, tangentially, v'hjfh causes a complete mixture, forming 
CO., and free S, the latter being afterwards condensed by 
suitable means. , 

F. R. Carpenter (Amer? Ps. Syipt^'and 925751) obtains 
sulphur from the roasting-gascs of sulphide ores (especially in 
the Colorado district). .The gases are purified from flue-dust 
in chambers, where they arc also saturated wijh water intro¬ 
duced as spray; they arc then cooled in large chambers by 
means qf watcr-coils,‘which causes % 1 I ^the SO, to condense as 
an aqueous solution j the rqsiitual gases are‘taken away by an 
exhauster. • T?te solution (jf’SO, is frdfcd from flue-dust,’and the 
SO., boiled* out* oft t means of ceils containing water super¬ 
heated in the flue-dust Chambers. ' The SQ„ is conducted into 

• I. 
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* . 

towers, containing red-hot dike, jvhete both SO; ajid !T.,0, are 
reduce^! as follows, with formation of CO., or CO : * 

2SO., + 2lh,0 + 3C ~ HCS-fViT) 

SO,"+ 11,6 43c* --- lli -fjCO.'* 

This gaseous mixture, after admittingShe necessary amount 
of air, is worked in Claus-kilrrs {vide our Vol. 11 . 3rd edition, pp. 
972 H seq.) for sulphur: • ** • 

H..S + 0 . S+ 1 I„ 0 . 

• 

A modification of the process, which .is, hcAvcver, less advan¬ 
tageous, consists in taking the roastfng-gascs,‘without concen¬ 
trating the SO., in the above described manner, with addition of 
steam directly into the rcducing-kilns, or else they are furfher 
heated to decompose the “ subsidiary sulphides.” 

P. S. Smith, assignor to the Pont de Nemours Powder Co. 
(Amer. P. 878569),forms producer-gas aad water-gas successively, 
and mixes lift: water-gas with the «S(X contained in sulphur- . 
bearing gases. This mixture is highly heated try the producer- 
gas; the sulfjhur vapour, set free by the reaction between the 
SO, and the water-gas, is condensed and collected. The same 
inventor (Amer. Ps. 945111 and 945112) describes special 
constructions of apparatus for this purpose, which allow of 
working the process in a continuous manner. 

Sulphuretted hydrogen has been very frequently proposed as 
a material for the production of free sulphur, which has become 
an economical possibility through the Claus process for the 
recovery of sulphur from I?cblanc tank-waste. We cannot 
describe this industry in this placq; it,is fully flealt with in Vol. 

• II. part ii. of the 3rd edition of this work, pp. 967 ct srq. (1909), 
and we subjoin only a brief notice of soyie recent processes. 

Carulla (/. Soe. C’/jent. hid., 18*97, P- 980) prefers burning 
H,S in an ordinary pyrites-kiln, in lieu of.the Claus-kiln, as ^ie 
yield is much larger. * , 

Ifciranofif aijd others describe (Ii. 1 *. 7269 of iSpS^the produc¬ 
tion of S from H 2 S, obtained by the reduction of native 
sulphates ancl^treatment'by'CO., *This 1 1*„S is passed over red- 
hot sulphates, which arc thereby reduced and vicld free S and 
SO, • . * 

The Chemishhc *Fabrik.Rhenania and I*, l’rojahn (Ger. P. 

1 73 2 39 ) pass the gases containing li„S, eg. those from, the 
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Claus process,after mixing them vtith oxygen or air, through 
a cupola chargud with bauxite or other material containing 
aluminium oxide, jvl\ich need not be previously heated, as it 
gets up by itself to ,the necessary heat; there is no danger 
of explosion, in this case, such as have taken place when 
employing iron oxides as a contract substance for a similar 
purpose, and much Jess H.,S is* lost in hcating-up. The 
reaction here occurring i*: 


SO. +•> 11 ,S 2lfO + 3S. 

I • 

The Chgmisohe I'abrilt Rhenania ( Chew. Zeit 1908, p. 247) 
states that in the recovery of sulphur from Claus gases the 
application of bauxite as contact mass in this manner on the 
large scale allowed to rectfver the sulphur up to J per cent., 
whilst an experimeYi^on tlfe larger scale with titanic iron ore 
(B., F. 25976 of 1906),, to be mentioned just now, did not 
confirm the good results obtained in the preliminary experi¬ 
ments. , . ’ 

Tyvrs, Hedlcy, and The United Alkali Co. (li.« F. 25976 of 
1906) use a salt, or ore of titanium as the catalytic agent in the 
recovery of sulphur from IRS. 

lleiising (Fr. F. 376534; Ger. F. 209960; B.T. 8164of 1907) 
brings the gases containing IRS into contact with a strong 
solution of SO-; after the precipitated sulphur has been 
deposited, the liquor is again treated with SO.- In order to 
prevent formation of a colloidal solution of the sulphur set free, 
sulphuric or hydrochloric acid, or»a suitable salt, are added to 
the solution of S©„. 

• • • 

Burschel! (B. F. 11133 of 1906) decomposes gases containing 
H»S by an alkaline solution of ferric siflts as FeS, and recovers 
from this S and Fe (Oil*).., which is‘dissolved in alkaline 
solutions, containing sugar or tartaric acid, and used over again 
for precipitating FeS. * 

Very similar to this is the Ger. F. 181063 ( ‘f the Gewerk- 
‘schaft Messel. 

The ( 4 7th Inspectors' Report on* Alkali Works (for 1910), 
pp. 23-26, contains a.fiaper by*j^lr binder oh the oxidation of 
IRS by Mq 0 2 'in absence ofc)O s and presence of air, the result 
of which is t thaf the presence of free lime (*Ca(@H).,) is favour¬ 
able to a high yield oRftee .sulphuh; the yjeid of thiosulphate 
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• « 

in this case is low, anddhcre is an entire absenoe of MnS and 

• • • 

polysulphide. * • 

Lang and Carson ( l’roc. Chan. Soe., 1 1 9 P 5 , p. 160) made a 
laboratory study on the reaction between, Il,S*and SO.,, which 
did not produce any fresh results. , 

Burkheiser (Ger. P. 220632) converts about a third of the 
H.,S into SO., by passing the'gascs over ;ig oxygen carrier, and 
then brings about the well-known rea'ction : . 

2 lI,S + 30„ - 3 S + sH.,0. 

“ •»' 1 

t « 

From the sulphides of alkaline earth w/cAi/»(Ha,J 5 r, Ca) the 
Nurnbcrg Consortium fur elcktroch. Industrie (Ger. P. 162913) 
obtains sulphur by treating them with chlorine at higher 
temperatures, until the chlorine contained in the distillate in 
the form of sulphuryl chloride suffices for qhfbrinating the poly¬ 
sulphide formed, whereupon this is deccynposed by the sulpluyyl 
chloride in aqueous solutions to chlorides and free sulphur. 

Palaschkowski (RuSs. J’. 5464 and 5477 of KiDt ; Chem. Zcit., 
1902, p, 15) describes the following modifications of the process 
of Baranoff and Hildt for obtaining S and SO,,from sulphates. 
Instead of simply mixing the sulphates with coke, he moulds 
them into briquettes by means of coal-tar, etc., which shortens* 
the time of reduction. The sulphide is decomposed by C 0 . 2 
at a pressure of 2 or 3 atmospheres. The ILS is best not 
passed at once through red-hpt sulphates, but first through a 
solution of the sulphides, which forms Ca(SH), and NaHS. 
The former is converted by means of Na.SO, into NaHS, which 
with CO, gives ILS and NallCO,. Only this 4 I,S is employed 
t for being oxidised by sulphates to'S and S 0 3 . 

Muntz and Nottin (Fr. P. 375469) patent the universally 
known process of reducing calciunj sufphatc in some way to 
sulphide, decomposing this by the CO, formed, and obtaining S 
from the H 2 S given off. • 

Fsld (B. P. 3061 of 1909; Amcr. P. 9S5667) produces 
sulphur from lf,S and S 0 2 , by treating them with compounds * 
of a metal (Zn, Mn or lie),the sulphide (Jf which is insoluble 
and is decompbsed^y SO,,*eithei» alone of in tjic presence of 
air or oxidising'agents'^ith formation of free* S. * TJifc process 
is specially adapted for the purification pf ’coaj-gas, and 
apparatus is described for that purpose; ‘The same inventor’s 
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Ger. I\ (,92533, describes several processes for washing H,S out 
of gases, with recpvery of the w'ashing-agent. His Ger. 1 ’. 237607 
prescribes bringing JI,,S and SO.,, mixed with each other or 
one after the other, itito contact with moist or dissolved sulphides, 
thiosulphates, or polythionates of zinc, manganese, or iron. 

The same inventor ( 15 . P. 2719 of 1908; Arncr. P. 927342 
of Feld and Jahl; Ger. P. 202349'; Fr. P. 38743.8) performs the 
'interaction of l;| s S and SO., in the presence of a substance 
capable of dissolving the liberated,, sulphur, preferably heavy 
coal-tar oils heated up to 40’, Tht temperature rises above this 
by the reaction. , When Ike amount of free sulphur reaches 50 to 
Co per cent., the bath is allowed to cool, the crystallised sulphur 
is separated centrifugally,washed with steam and the precipitated 
sodium sulphate dissolved out by the condensation water. Pure 
sulphur is thus obtained. -The liquid is kept acid, in order to 
avoid the formation of thiosulphates and polythionic acids. 

Reducing Sulphur to Fine Powder ly Grinding. 

Apjirt from sublimeo sulphur (see below) very much sulphur 
is reduced to a fine powder by mere grinding and sifting, which 
operation, if performed in the ordinary way, need not be 

• described here. We shall merely mention some special pro¬ 
cesses for this purpose. 

A. Walter (Ger. P. 136547) performs the grinding and 
sifting of sulphur in an atmosphere of inert gas which is made to 
circulate through the apparatus. In this way the formation of 
sparks is avoided, and the sulphur can be reduced to such 
a degree of fineness that it passes through a sieve of 5000 
meshes per square centfmetfe. 

Kohler (Ger. P. 192S15; Amer. I f *898378) obtains sulphur 
in a state of great fineness py dissolving<it in its own weight of 
fused naphthalene, and after cooling removing the naphthalene 
by gentle heating or by extraction with a solvent. 

Ducanccl and Goutftiere ct Cie (Fr. P. 401467) incorporate 

• finely divided sulphur with barium, strontiuhi, or calcium 
saccharate, and thereby render it cni^cible with water, for the 
treatment of the vine-disease.') * 

• 1 r 

Marcitle ( 'Con'iptes remit, 20th Mar£h 1911; Cheui. Zcit. 
Rep., 191 i fc p. 426} ascribes* the action of sulphur on the oidium 
to the sulphuric acid‘contained in various quantities in finely 
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divided sulphur. Henc^the action of ‘Jextra sublimed” sulphur is 
strongest, whereas ordinary sublimed or groundjsulphur contains 
only <3-01 to 002 per cent. H 2 S 0 4 and 1 ij less active. He 
therefore recommends passing sulphur dioxide ii*to ■ 
the condensing-chambers, in order to prepare a. ( j| 
quality specially adapted for destroying tlie vine- 
disease. ’ ,, 

Estimation of the Degree Fineness of Ground 
Sulphuji. ’ , 

Since for the purpose of preventing the grape- 
disease (the O'idiinn) the degree of fineness of 
ground sulphur is very important, in Fiance this .••/•i?- 
is ascertained by Chancel’s sulphufimeter , shown 
in Fig. 3 on a scale of 1 :2. This is a glass.? tube 
sealed at the bottom and closed at thp top by a 
ground-in gk^s stopper. It is 23 cm. long and 
15 mm. wide, and divided into too' of j c c. e;y:h, 
beginning frpm the bottom; the 100‘occupy a 
space of 100 mm. • , 

If ground sulphur is shaken up with anhydrous 
ether it forms,’after settling down, a layer, the 
height of which corresponds to the fineness of the 
powder. The sulphur to be tested is passed 
through a sieve with meshes i t mm. wide; 5 g. of 
it are put in the tube, together with ether of 
17 “S C., or very nearly thaUtemperature, filling 
half the tube. The tube is well shaken to break 
up all small lumps, more ether is poured in up to 
1 cm. above the degree* 100, the tube is again 
shaken and placed in*a vertical position. When 
the layer of sulphur ceases to subside, its height 
is read off and stated as “ degrees Chancel.” 

Otdinary grpund and sifted sulphur’shows 50" 
to 55 0 Chancel,finer grades 70" to 75”. The finest 
grade is obtained not by gifting, bi»t by “ fatining.” 

This “zolfo ventifeto ”'shows to gt° Chancel (Walter, 
Chan. Zeit., 1901, 539^ «For use in vineyards {he, ,r flowers” 
ought to show ai least 66 ' Chancel? some denVmrt as much 
as 7 f Chancel. 
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H. Fresenius and F. Heck (Z. tonal* Chan., xlii. p. 21) draw 
attention to son'e points necessary to observe. The Chancel 
test for the degree (of fineness should be made with ether 
distilled over sedium, After staking up all agitation should be 
avoided ; the sulpliurimcter should be fixed in a stand and at 
once immersed in water of 17°-S C. Organic matter and ashes 
should be estimated,fit little over 200° C. after evaporating the 
sulphur. The .microscope will show whether a mixture of 
ground sulphur and flowers of sulphtlr is present. The tempera¬ 
ture in estimating the water by*tlryipg should not be above 
70' C. The authors found in several samples of Sicilian 
sulphur from 002 to 4-26 per cent, ashes, 0-02 to 0-05 per cent, 
organic substance, 0-17 to 0-64 per cent, residue insoluble in 
CS.,, of which 0-13 to o-28*was sulphur, and 016 tf> 0-405 per 
cent, insoluble in caustic scTda solution sp. gr. 1-2. 


Refining of Sulphur: Roll and £dock Sulphur. 

Wo here mention a few modern improvements-of these well- 
known operations. 

Albright and Hood (B. F. 11988 of 1894) purify sulphur by 
■ heating it for some time just below its boiling-point. 

lloude et fils (hr. F. 408512) describe the manufacture of 
sulphur cast into moulds, by distilling the crude sulphur from a 
cast-iron retort into a cast-iron qondenser, surrounded by a fire- 
space, and connected with a second condenser. The condensed 
sulphur flows from the first into the second condenser, and from 
this into the moulds. 


Flowers of Sulphur. 

We shall not describe the wcll-known'operation of obtaining 
flowers of sulphur by the process of sublimation in its old form, 
but we must mention rectnt improvements in this line. 

Davidson and the fjnitcd Alkali Company. (B. F. 17476 of 
1897, and 7088 of 1898) describe some modifications of the 
process of subliming*sulphur* 

Walter (Gur. F.,*177281 ;*$mei'. f\ 875812)'manufactures 
flowers oY .sulphur, not in the ordimfry* way of aspirating the 
vapours fsom the* retort by an ine^t gas »nd allowing them to 
condense in cooling*<*hanjbers (Mich yields various degrees 
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ol fineness, according te thi» distanct from the tetprt); but by 
driving on the gases by means of a face-blast through the 
coolers* so that the gases and vapours a rfi thoroughly mixed, 
and the sulphur vapour is ultiVnately copdensid in the state 
of uniform fineness, without drops and stalactites, j of which, by 
the old process, sometimes 30 or 40 per cent, of the sulphur 
are found near the retorts. This prod>»jt is sold as “zolfo ( 
ventilato.” # 

The same inventor (GtSr. P. 19247,2) obtains both melted 
sulphur and flowers of stjlphiTV directly/rom the ore by passing 
it continuously through a vertical cylinder, together with hot 
inert gases (t.e. smoke gases), and drawing off the vapours. 
The inert gases may have a temperature of only 150° in the 
upper part,tmt about 350° in the lower part of the cylinder. 

The Soc. an. metallurgique 11 Precedes,,dc Laval ” (Gcr. P. 
168870), in the distillation of sulphur, condense it in a horizontal 
cylinder provided with an agitating, shaft, and surrounded by 
another cylinder containing a hot calcium chloride solution, so 
that the temperature in the inner cylinder is 115 0 to 125" a (id the 
sulphur remains in ’the liquid state ; it is reduced to a state of 
great fineness by the agitating blades dipping into it. 

Boude et fils' (Fr. P. 361874), in the production of flowers of 
sulphur, arrange for each subliming furnace two cooling chambers, 
so that each of them can be emptied without interrupting the 
work. , 

The same firm (Fr. P. 369089) provide the sublimation 
chambers with arches, ranged perpendicularly to the breadth of 
the chamber, rising to the right and left of,the ililet opening for 
, the sulphur vapour. , 

Bassc-Courbet (Fr. P. '366280), in working sulphur minerals 
containing arsenic for flowers of sulphur, continually draws the 
non-condensing gas away from the chamber by means of a 
fan. * 

Domentieff ,(Fr. P. 351981) introduces sulphur vapours, 
together with sfeam or sprayed water, under pressure, into a 
chamber where the sulph«r i$ at ofice cond'ensed in a vgry fine 
state of division. 

Consoli (B. ‘P. 87^ *of 1902;' Fr. P. 316226) sublimes 
sulphur by a continuous process in a \>atterv af s'evercl retorts, 
fed with melted sulphur. 

D 
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Bert (Ff. ( J . 401023) effects tire continuous sublimation of 
sulphur by means of an apparatus comprising a hopper, from 
which the crude /arterial, is automatically fed into a' vessel, 
heated by wastfe heat, in which ft is melted, the impurities being 
deposited and removed, the liquid sulphur rising through a 
filtering device immersed in the liquid. The nearly pure 
sulphur then passcs,,k> tubular retorts of thin steel or iron, the 
surface of which may ' be suitably protected, from which 
the sulphur vapour passes to the dollccting chambers through 
condensers cooled'by water. " f 

Ducanfel and the Sodetc II. Gouthicre et Cie (Fr. P. 401067) 
make flowers of sulphur directly miscible with water by the 
addition of saccharates of barium, strontium, or calcium. 

The process of Kocasoiano, by which in one operation both 
brands of ordinary,, brimstone and also sublimed sulphur is 
obtained from the ore/ has been mentioned, supra , p. 35. 

, Sulphur in Special Forms (CVlltu'dal, del). 

Shiphur or selenium in a colloidal form is 1 obtained by 
Chemische Ftubrik von Heyden (Gcr. P. 167664) by precipitating 
the sulphur from its solutions in the well-known way in the 
presence of albuminoid substances, redissolving in a weak 
solution of alkali and precipitation by alcohol, alcohol-ether, or 
acetone. Their Gcrdk 201371 prescribes dissolving the sulphur 
in physical solvents, and precipitating it again by dilution with 
weak solutions of albumen, or removing the solvent by dialysis 
or .decomposition. The sulphifr thus obtained is soluble in 
water and is viluabje for medicinal purposes, eg. against skill 
diseases. Iliminelbauer ( Client. C/d., 1909, ii. 790) prepares 
colloidal sulphur by the action of gelatine or of colloid silica on 
a solution of sulphuretted hydrogen. Sarason (Ger. Ps. 216824 
^and 216825) makes such solutions by acidulating solutions of 
thiosulphates in glycerihe with addition of thickening agents, 
e.g. gelatine. 

Sven Oden (Z. Chcm. hid. Coll., 1911, p. 186) prepares 
colloid,solutions ofsulphur'of vafiout; degrees of dispersion by 
fractional coagulation. ‘, 

“Elastic india-rubber-ltkc sulphitr/' according to Weimarn 
{Chcm. Ind., 1*91», p. 398), is obtained by ptmrifig melted sulphur, 
heated to 400°, in a th?n jet into liquid ay-. It then forms thin 
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strings of b to I mm.»diaA)eter, wfcich at first* afe Hard ,and 
fragile^ but later on acquire such elasticity tftat they can be 
drawn out to 5-5 times the original length,’, • 

Eaffo and Mancini (Z. Chew. Ind. Coll., 190!, p. 35*8) obtain 
colloidal sulphur by pouring a concentrated* solution of sodium 
thiosulphate into strong sulphuric acid, sp. gr, 1-84, kept cool, 
not vice versa. Later on {ibid., 191 x, p. 5»^ they found that the, 
stability of the colloidal solution is duy to>the presence of 
sulphuric acid and sodium' sulphate. > The colloidal solutions 
are coagulated by the .solutions of stilts of K, Na, Mg, Zn, 
A 1 and Cr. ‘ * » 

Vcrmorel and Dautong ( Comptes rend., 1911, p. 194) render 
sulphur fit to be wetted by solutions of metallic salts by moisten¬ 
ing too g. of sulphur with a solution of 200 g. oleic acid in 2 
litres denatured alcohol and evaporating the alcohol. 

Kelber and Schwarz (G. P. 24562l)»obtain colloidal sulphur 
by the action *>f SCL on H.,S in the presence of glutine. 

# 

• Tothititid Analysts of Sulphur. • 

if the tests for’the degree of fineness, supnd, p. 47. 

The ordinary technical assay of brimstone is performed by 
burning a weighed quantity, say 10 g., in a small porcelain 
capsule, and estimating the quantity of ash left behind. It is, 
however, advisable to estimate also tfye moisture for which 
purpose, in order to prevent any evaporation during grinding, 
an average sample of the unground or merely roughly-crushed 
material, weighing roo g., is efried at 160" C. for some hours in 
an oven or water-bath , , . * 

Macagno {Chau. Ncuts, xliii. p. 192) proposed the direct 
estimation of sulphur by means of ibs solubility in carbon 
disulphide. 1 Pfeiffer {fl. auorg. Chtm., xv. p. 194, and Lunge, 
Chan, techn. Untersuchungs methodeH , i. p. 240) has reinvest^ 
gated this matter and given the following prescriptions for this 
mcthftd:—Shaljc a weighed sample of powdered sulphur with 
exactly four times the quantity ofjmre carbon disulphide, filter, 
reduce the temperature*to 15 0 CT, and ascertain the, specific 
* * • ' • * 

1 F. H. Carpenter (/. Site. fAem. Ind., rtio2, p. 832)^>oirfts out that crude 
sulphur sometimes contain/a large quantity of gypsum, which interferes 
with the carbon-disulphide treatment. In such crises dhe calcitim sulphate 
must be previously removed by boiling with hydrochloric acid. 

»* • 
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gravity bf the 'solution. The following table (abridged from the 
original) shbws fhe number of parts of sulphur dissolved ;by ioo 
parts by weight of ti-S., at 15 0 C. for various specific gravities 
found :—' *■ 


1 
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i« 

Kpocifie 

i I 

! Sulidmr 
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gravity. 
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0 

i 1-3087 

5 5 j 
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14-0 
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14-5 
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15.5 • 

1-3674 
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7*5 
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!l 

1-3408 

j 

16.5 
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25*0 


The same subject is again treated by 1 ’. Fuchs ( Z. angew. 
Chan ., 1898, p. 1189). His figures arc slightly different from 
those of Pfeiffer; but the latter’s results (which were obtained 
in my own laboratory) seem to me the most accurate obtainable. 

Ceruti {Chau. Ccntr 9 1904, p. 615) places 1 or 2 g. of the 
commercial sulphur on a filter, dried at 100" and weighed, 
gradually adds. 50 c.c. of aniline (boiling-point 180" to 185°) 
heated to 120" ?o 13®°,,and.collects the filtrate. The filter is 
washed with aniline, dried at 100' and reweighed, thus showing 
the amount of impurities insoluble in aniline. The filtrate is 
mixed with hydrochloric sfcid, allowed .to cool, the precipitate 
yjen forming is washed on a weighed filter, dried in a vacuum 
over concentrated sulphuric acid, and thus the real S present is 
, found. | 

VV. N. Levy {Chau. Chi ., 1911, ii. p. 1883) employs the solu¬ 
bility ofr sulphur in jarbon cfisulpfude^dso for its estimation in 
sand, etc, containing it. . • t 

In spettt ogjde of gas-morks, Davis aMd Foucar estimate the 
free sulphtir by (fonvgrting it into»thiocya"nate by means of an 
alcoholic solution of sftdium cyaijkle, and titrating the thio- 
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cyanate with silver nifcate J in the vtell-known rhannef (J. t Soc. 
Chem.Jnd , 1912, p. 100). * * 

Estimation of the Impurities of Snlphip — Bituminous sub¬ 
stances are most easily recognised by the * colour of the 
sulphur; they occur chiefly in sulphur mju>e froni spent oxide 
of gas-works, which is sometimes coloured quite black. 
Peratoner {Chan. Cbl., 1909, ii. 479^ found in ordinary crudg 
Sicilian brimstone o-oj to^-44 per cent., but even in so-called 
“dark brimstone” not above 5 to 8 pc/ cent, bitumen. 

Arsenic sometimes occurs in brimstone,'more especially in 
that recovered from alkali-works, always ih the shape of 
arsenious sulphide. On extracting * the brimstone with 
disulphide of carbon, the As^S, remains behind and can* be 
estimated. Schappi {Chew, hid., 1881, p. 409) prefers extract¬ 
ing the AsjS.j with dilute ammonia (as described by the German 
Pharmacopoeia) at 70" or 80" C. FronV*this solution the sulphur 
can be precipitated with silver nitrate as Ag„S, which is filtered, 
washed, dissolved in hot nitric acid, and, estimated as chlofide; 
G molecules Sf AgCl correspond to 1 of As L ,S.,. It is, however, 
more expeditious ’to work volumctrically. The aminoniacal 
solution of arsenious sulphide is exactly neutralised with pure 
nitric acid, strongly diluted and titrated with decinormal silver 
nitrate, till a drop of the solution, on addition of neutral 
potassium chromate, produces a brown cvlour. When employ¬ 
ing 10 g. of sulphur for extrattion with ammonia, each cubic 
centimetre of decinormal silver solution indicates 0041 per 
cent. As„S.j. Sometimes arsenic occurs in recovered sulphur 
in the shape of ferric or calcium arsenil£, which*cannot be found 
• by the above process, but.only by extracting the sulphur with 
carbon disulphide and digesting the residue with aqua regia. 

A qualitative reaction for arsenic consists in agitating i g. 
sulphur with 15 drops liquor ammonia and 2 c.c. water for h^J£ 
an hour, filtering, adding to the filtrate 30 drops of hydrochloric 
acid a*nd 15 drojrs solution of oxalic acid, placing a bright piece 
of brass in the solution and heating to 60° to 100 ; in the 
presence of arsenic, the brass is stained gjey or black»(Hager, 
Phann. Centr., 1884, pp^ 263 and>44^). • , *< , 

Steel {Chan. News,*io[. Ixxxvi. p.^i35) declares the method 
of Schappi for ’the'detection of arsenic ih sulphur to be 
erroneous. Me proceeds a.{ follow's»Hc extracts 200 g. of 
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the .sarrfple .dtJring two h#urs in af paper filter in the Soxhlet 
apparatus (vith ^carbon disulphide, withdraws the paper filter, 
allows the CS„ to ova'porate, scrapes out the residue, heats this 
with 50 cf.c. stroYig nitric acid till all acid is driven off, adds t c.c. 
strong hydrdchlori* acid and, after a few minutes, 5 c.c. warm 
water, filters into a test-tube, washes the insoluble residue with 
,a little water, adds the solution 20 c.c. strong hydrochloric 
acid, 1 or 2 c.c.* of a fairly concentrated solution of stannous 
chloride in hydrochloric acid, and, lastly, 3 c.c. of strong sulphuric 
acid, heats gently And allows to sfand ,over-night. If As or Sc 
(insoluble in CS!,) is present, a dark brown precipitate is formed. 
This is filtered through asbestos (purified by aqua regia), washed 
anfi dried at IOO C , transferred to a hard glass tube, 7 mm. bore 
closed at one end^; the tube is then drawn out immediately 
above the contents t» 1-5 m'm. bore for a length of about 80 mm. 
The bulb portion, conhiining the asbestos, etc., is heated to 
redness in a Bunsen flame. As and Se arc driven off and 
condense in thfi narrow part of the tube. Se appears both in 
the bi^ck and red modification and is at once identified by its 
characteristic odour; As is found by heating the sublimate in 
a current of air, when As., 0 . t forms a ring of glistening crystals, 
or, in the presence of traces of water, globules of a solution of 
oxide. If no selenium is found here, it may be sought for in 
the CS, solution, by distilling off the CS,, oxidising the mass of 
sulphur by means of fuming nitric add [no mean task with 200 
g. sulphur!], filtering through asbestos, evaporating the filtrate 
till ‘strong white fumes of sulphuric acid appear, and then 
reducing with SnCl.,, vtc, as ,above. 

Brand {Clian. Cbi , 1908, p. 762) prefers the method of 
Gutscheid, which he carries out as follows. He digests 5 g. 
sulphur, etc., with 25 dilute ammoniaQil liquor (1:3) during 
^quarter of an hour, filters, washes the filter with a little water, 
evaporates the solutioij to dryness, pours a few drops of nitric 
acid over the residue, dries in a porcelain dish, jlissolves fn 8 to 
10 c.c. dilute sulphuric acid, pours into a large test-tube, con¬ 
taining <a few pieces of pure zinc, puts A loose plug of cotton-wool 
into the ^neck'of^the tube, and on this # a piece of filter-paper, 
moistened* with a drop <}f concentrated silver-nitrate'solution 
(1 : 1). The moistened spot is coloured lfcmo'n yellow, more or 
less quickly, accordingto the quantity of arsenic present, and on 
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addition of water turns»blacjc In tlje case of brimstone roils, 
intended for sulphurising hops, no sensible colpraticn ought to 
take pTace within a quarter of an hour. I-fte suggests testing by 
this method all samples of sulphur intended for preserving 
articles of food. , , 

Apart from the already described methods, selenium is also 
discovered by deflagrating the sulphur vyith nitrate of potash, 
dissolving in hydrochloric acid, and* treating,with SO.,, which* 
precipitates the selenium ai a red powder. 

Reed ( C/tem. Zcit. liej >., 1+597, p. 252) describes the American 
test for selenium, Boil 05 g. sulphur* with a solution of 0-5 g. 
potassium cyanide in 5 c.c. water, filter and acidify the filtrate 
with IIC1; a red colour, appearing within an hour, shpws 
selenium. ’Or else boil 1 g. sulphur with a solution of 2 g. 
potassium cyanide for an hour, add another tf-5 g. KCy and boil 
for another half-hour. Of course any, iron present will react 
with the sulpfvocyanide formed. 

Klason ( (.'hem. Zcit'., tyi 1, p. 1345 ; J. C/tem. floe. Abstr.,y)\2,‘ 
ii. p. 201 ; fully in Z.angcw. Chan., 1912, Jrp. 514 et set/.) stab's that 
already 0-5 mg. selenium per litre makes sulphyric acid useless 
for the treatment of materials in paper-making. Such small 
quantities can b'e estimated by the action of hydriodic acid which* 
by the action ofselcnious acid is decomposed, iodine being set 
free and found by means of starch solution. This method is 
applicable to the examination pf brimstone as well as of pyrites. 
Sicilian brimstone contains about 09 g. Se, Japanese brimstone 
1 to 20 g. Se per ton. Thetselenium passes over partly ,into 
the burner gases and partly into the cinders.»' The higher the 
temperature, the more Se passes into the burner gases, but 
the cinders contain at lchst 30 per cent, of the total selenium, 
and in the case of cupreous pyrites more than that. Falun 
pyrites contains on an average 10 g. Se per ton, but sometimes 
three or four times as much. By his*hydriodic process KlasofT 
was able to find 92 per cent, of the selcfiium in the boiling acid, 
even with quantities of 0-25 mg. per litre. ■ 

Durier (Ann. falsi/.,,xx Kvii. £184; Abstr. Amer. Chan. Soc., 
19 1 2, 535) des'eribets an itdiflterant employed for grouncf sulphur, 
consisting of infusori^ earth, whicH can be Easily detected by 
chemical or mioroscopical methods.* It conjair/s about 75 per 
cent, silica, and yields at feast 80 per^ tent, ash. As sulphur 
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contains.at most 2 per certf. ash, itsi incineration will reveal the 
adulteratios ; ateo microscopical examination of the original 
material or the ash, which shows the presence of diatoms. 

Analysis ofiRejbicd Sulphur .—Sulphur in blocks or rolls is 
almost always practically pure; it may be tested for ashes, 
arsenic, and selenium'as above. 

Flowers of Sulphur is never' quite pure unless specially 
'washed; it alvjays contains some acid, lamia ( Fischer's 
Jahresber,, 1898, p. 421) fpund up td 0-283 per cent, ashes; the 
average of thirty uamples was 0C03 yer cent. He also tests 
the solubility in. boiling solution of caustic soda of sp. gr. i-2. 
This varied from 88 per cent, (in one case 68 per cent.) to 99-99 
percent., average 98-04 per cent. 

Domergue {Chan. Zc.it. 'Rep., 1905, p. 19) acknowledges only 
such an article as ,; flowers<of Sulphur” which contains at least 
25 per cent, of sulphur insoluble in carbon disulphide. Heckel 
{Chan. Centr., 1905, i. p. 20 f) agrees to this, llvt the French 
'Agricultural Scydety {ibid., 1905, ii.. p.‘ 1482) is of different 
opinicA. On the one h^nd, the percentage of sulphur insoluble 
in CS_> in flowery of sulphur gradually decreases on keeping, and 
may sink from 30 or 35 per cent, to 12 per cent., without being 
•less efficacious against the disease of the vine.' On the other 
hand, mixtures of sublimed sulphur and ground sulphur, con¬ 
taining but 13 to 15 per cent, insoluble in CS.„ would pass as 
the proper article for tne vine grpwer, although they are not so. 
Domergue {Chan. Centr., 1906, i. p. 8) replies that he asked 
merely for a minimum of 12 pe* cent. S insoluble in CS 3 in 
unadulterated flUwers of sulphur, but an excess over that pro¬ 
portion is admissible. ' 

Marcillc {Ann. Chim. appl.,x. p. 101'; Z. angew. Chan., 1906, 
p. 99) tests the commercial vglue of sublimed sulphur by shaking 
up 5 g. in a Chancel tube with carbon disulphide free from 
IWIter and reading off the volume of the insoluble matter on the 
division of the tube ; the' Chancel degrees answer pretty nearly 
<0 the percentage of S insoluble in CS. 2 . 

Taurel and Griffet {Cowptts rend-.,c\i\. p. 1182; J. Soc. Chem. 
Ind., 1911, p. £83) t 'ireat commercial'mixtures’ of sublimed 
sulphur ahjl othe'r forms of sulphur*\^lth carbon bisulphide, 
which dissolve.-? tl\p ground or precipitated sulphur, whilst the 
amorphous coatings df,;the.sublimed sulphur globules (which 
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constitute from 12 to%33 ^er cent.tof the subbed •Sulphur) 
remain insoluble; they retain their form arid the apparent 
volume of the sublimed sulphur is not altered. Weigh 15 g. of 
the sample into each of two graduated tube's of ttqual diameter ; 
previously 35 c.c. petroleum spirit had bee* put into one, and 
35 c.c. of CS 3 into the other tube. Shake gently and submit 
both tubes to centrifugal action. The volume of the sediment, 
in the CS,, tube gives the volume'of the sublimed sulphur 
present, the volume in the other tube showing the total volume 
of the mixed sulphurs. , % , 

2. PvHints. 1 

What is called pyrites or iron-pyrites , in a technical sens*, is 
hardly ever pure iron disulphide, IT'S.,, but either a mixture of 
this with gatigue, or more fretfuently at.th'e same time with 
other sulphuretted ores, as shown by numerous analyses. The 
iron disulphide may be present either as iron-pyrites proper or 
as marcasite. The iroii-pyrites proper crystallises in the regular 
system, with* parallel hemihedry, proved even on the faces of 
the cube by striatum (Fig. 4). > 

Besides the cube, Fig. 4 (I), the octahedron, a (II), is fre¬ 
quently found, o'ften modified by the pyritohedron, b (III), and,' 
if both are equally developed, forming the icosahedron (II). 
The combined forms lY r , V, VI, as \yell as twin crystals, 
frequently occur. The crystals .are often well developed ; but in 
the pyrites used on the large scale they are mostly quite 
indistinct. The colour of pufe pyrite's is greyish yellow, and 
easily distinguished from that of copijcrjpyrilts. The micro- 
crystalline pyrites of trade often shows other colours, even a 
slate-grey; the powder is*brownish black. Its cleavage parallel 
to the faces of the cubfe is not very pronounced ; the fracture is 
conchoidal or irregular. Hardness 6 to 6J, sp. gr. 4-83 to 5-2,^, 
Pure FeS 2 contains 46-58 per cent, of’iron and 53-42 per cent, 
of sulphur. . 

According to Mene, the pyrites from volcanic formations 
contains no water, but that ffom s&limentaVy strata botji water 
and clay. Among'the first he .classes the yelktw octahedral 

1 1 •' * 

1 A very complete treatise on pyrites Iijs been published in 1907 by 
P. Truchot: Les Pyrites, Pyrites tie Fer, Pyrites dC'Cuivrc, •Paris, chez 
Dunod et Pinat. ’ 
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pyrites, whifh'is stable ini the air ,* arming the latter the grey 
cubical pyrites, which is easily transformed into ferric sulphate 
(Complex rend., 29th ^pril 1867). Some descriptions of pyrites, 
in consequence t>f th'ejr content of water, on roasting fly asunder 
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with the force of an explosion ; this is by Klason (Chew. Zcit., 
191 r, p. (334) attributed to the presence of zeolites. 

According to G. W. Plummer (/. Amcr. Ctfiem. Soc.' 1911, 
xxxiii. pp. 1487 ct set/.), the behaviour of marcasite and pyrites 
towards 1 bismuth chloride proves thcPf both minerals contain 
their iroe whdll)* in the ferrous state, £nd that their formula 

« / S • 

must hen* be : Fe . 
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Feld (, Z. angew. Ohcm.,* 1910, p.«971), on tile .stringth of 
experiments, explains the formation of the natural pyrites beds 
by the action of thiosulphate, in the presence of hydrogen 
sulphide, on FeS and S. Only a very small quantity of thio¬ 
sulphate need be present if the conditions* are favourable for 
its continuous reformation. 

Marcasite crystallises in the rhombic*«yslcm, in rhombical, 
prisms w=io6" 2' with longitudinal faces /=* 100' and r, and 
the end face p inclined to r at an aaglc of 158" 20'. It fre¬ 
quently occurs in twin ciystals, partially united along one of the 
faces in, also in triplets and quadruplets, etc. (Mg. S)f in fibrous, 
bulbous, etc,, varieties ; cleavage indistinct; hardness 6 to 6-5 ; 
sp. gr. 4-65 to 4-88; colour grey to yellow or greenish yelibw, 
lighter than iron-pyrites proper; powder greenish dark grey. 
Marcasite is most frequently found in bituminous slate and 
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coal, and decomposes even more quickly^than pyrites, with the 
formation of ferrous sulphate and basic ferric sulphate. 

Detailed investigations on the different behaviour of pyrites 
and marcasite have been published *by A. 1 \ Brown {Chan. 
News, 1895, Ixxi. p. 139, and following t nivnber*i) and by Stokes 
. (Bulletin US. Geo/. Sung No. 186, 1901) and Oknow ( Metal- 
/urgic, viii. p. 539). 

In the ores of commerce there Vs often present, mixed with 
FeS 2 , magnetic pyrites ( pyrrhotite ) of the formula Fe.S s , witl] 
Go- 5 iron and 39-5 sulphur; colour Scjweeu brass-yellow and 
copper-red ; hardness 3-5 to 4-5 ; sp. gr. 4-4 to 4-7. Pyrrhotite 
occurs by itself in large quantities, which have been scarcely 
utilised up to the pfesen?, bift acceding to’Sjostedt {Keg'. Amer. 
Chem. Research , 1904, p. 305), Sudbury pyrtfiotite containing 
15 to 2b per cent, sul^hfir has been successfully roasted, with 
auxiliary heat, i’n a powdered form by^mcans of a modified 
Ilerreshoff furnace, .for the’ manufacture of sulphite pulp, ol 
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liquid s'hlpbui' dioxide, a',id of si/iphutfc acid. In Eng. and 
Min. J., lxMviii. '6gy, this is also reported about pyrrhotife from 
Pulaski (Va), with * 28* per cent. S and 3 per cent. Ni, but it is 
not stated whether this use has been found to answer in the 
long run. ' * 

The copper-pytitcs so often mixed with iron-pyrites is distin¬ 
guished from it by cits colour, yellow as brass, sometimes as 
gold ; this colour modifies that of tl ( ’e iron-pyrites according to 
the degree of admixture. It crystallises in the tetragonal 
system, but in the* ores,, which concere us always occurs in a 
microcrystollincf form. Its hardness is 3-5 to 4-0, sp. gr. 4-1 to 
4-3. Pure copper-pyrites of the formula FeCuS 2 should contain 
3<>'33 per cent, iron, 34 58 per cent, copper, and 34-88 per cent, 
sulphur; but the ores serving for the manufacture of sulphuric 
acid rarely contain beyond'4 per cent, of copper. 

. An investigation oh the calorific value of pyrites has been 
made by Somermeier (/. Anur. Chan. Sac., 190 g'xxvi. pp. 555 et 
seq.).. He sums up hit; conclusion (on p. 566 of his paper) as 
follows. For pure pyrites (53-2 per cent. S) the calorific value 
of the sulphur contained therein is 4957 cal. per gramme in 
the calorimeter, where FeX^+OSO., aq are formed, but only 
2915 cal. per gramme of sulphur on burning in the air under 
ordinary circumstances where Fe,0 ;l +4S0, is formed. From 
this we may calculate the calorific value per gramme of pyrites 
= 1557 cal. [This determination and calculations cannot be 
considered as quite exact, but only as approximately correct ] 

The first application of pyrites for sulphuric-acid making is 
generally ascribed to n {dr Llill, of Deptford, who in 1818 took 
out a patent for it. 1 In France, Clument-Desormes seems to 
have made the first proposals and experiments in that way. 
His trials did not, however, succeed, because he believed it 
jjecessary to increase the combustibility of pyrites by an addition 
of coal. This is both unnecessary, with properly constructed 
kilns, and very injurious to the process, owing tojhe detrimental 
action of the carbon dioxide getting into the chambers. A great 
difficulty was experienced in light'mgHhe kilns. > So long as it 
was attemptedHo,do this fr.om>below, like an ordinary fire, the 
thing would not work. According to a cnmmunication from Mr 
Todd (Government Inspector of Alkali Works), a workman of 

‘,Sorel attributes this hbnourto his countryman, d’Artigues, in 1793. 
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his father’s in Cornwal^m 1S30, accidentally discovered the way 
of lighting the kilns from the top, such as is practised to this 
day. Generally, however, the principal jfuyit of introducing 
pyrites is ascribed to Messrs Ferret and Son, of Cilessy, tvho were 
led to it by the necessity of desulphurising their cupreous 
pyrites previously to getting the copper, and of condensing the 
gas evolved. There was no question thevj of supplanting the 
Sicilian sulphur generally, l’crrct and Son, with the greatest 
care, inquired into all the conditions,necessary for a proper 
combustion of the ore ; ^nd ft> them the honour is due of having 
overcome all the difficulties opposed 1 to the solution of this 
problem, and of having rendered the process technically useful. 
Already in 1833 they had burnt iron-pyrites successfully; and 
in a patent'dated 20th November *1835 they described their 
process, to which their partner, Olivier, is sijid to have given the 
first impulse. In 1837, Messrs Wehrle and Braun, in Bohemia, 
used pyrites for generating sulphurous acid (Otto, Lchrlttch dcr _ 
Chcmie, 4th cd. iii 1, p* 545); but, according to*Hauer (, loycit ., 
p, 6), I. llrem had introduced this process into Austria (at 
Lukawetz) already fn 1833—that is, at the same time as Ferret. 

These trials at making sulphuric acid from pyrites possessed, 
however, only local interest; and probably for a long time no 
general attempt to do away with Sicilian brimstone would have 
been made, but for the Neapolitan Government, in 1838, being 
induced to grant a monopoly /or the exportation of Sicilian 
sulphur to the Marseilles firm of Taix and Co. This firm at once 
raised the price of brimstone from £$ to £14 per ton, and thus 
would have given a fatal blow to the giapufacture of artificial 
.soda-ash, just then beginning to take a firm hold, if no other 
source of sulphur had been known, an<J if such an unnatural 
measure could have been carried oik at all. Jlut the attempt 
came too late—just after Ferret and Son had proved that the„, 
pyrites occurring in most industrial countries may be used for 
vitriol* making without any difficulty. The result was to be 
foreseen. Once the discovery of a new source of sulphur had 
become a matter of necessity thcr? were, nothin twelve .months 
from the rise iii the'price of*brim«torp2, fifteon patents taken out 
in England for' burning* pyrites for^the purpose of making 
sulphurous acid, ;fnd even a larger number^ for* making sulphur 
from pyrites, gypsum, etc. 
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AccArdipg to Muspraft’s Chemistry* (vol ii. p. 1023), Dr 
Thomas Thomstm was the first in England to point to pyrites 
in this crisis; but m 5 ,st probably many others at the same time 
turned tt> it. 'So much is proved—that Thomas Farmer, of 
London, was the first in England who employed pyrites on a 
large scale (in 1839) for the manufacture of sulphuric acid 
(Hofman, Report by,t-hc furies, International Exhibition, 1862, 
Class II., Section A, p. 12). 

Mr E. K. Muspratt slates that his father, in 1839 and 1840, 
used large quantities of .Wicklow afid YYclsh pyrites at Liverpool 
and Newton, the cupreous cinders being sent to the Sutton 
Copper Company at St Helens. 

‘In Germany the Okcr works, at the Rammelsberg, near 
Goslar, seem to have been the first who calcined the local ore in 
such a way as to convert the sulphur dioxide given off into 
sulphuric acid in acid-chambers ; and other smelting-works, such 
as those at Freiberg, followed their example, tin these cases 
the^asons wer'e, not only that at a comparatively small expense 
sulphtiric acid could be obtained as a by-product from the 
sulphur dioxide otherwise lost, but also that the acid fumes 
destroyed the vegetation of a large district round the works, and 
that means had to be taken for preventing this, apart from any 
consideration of profit. 

The Sicilian brirnstonc monopoly certainly did not last 
long ; diplomatic pressure on the part of England soon led to its 
abolition ; and with the lowering of the price of brimstone most 
works at first returned to its cmjlioyment. Hut the ice was now 
broken ; the cortvictiqu Jiad been gained that it was possible to 
make acid without Sicilian brimstone; the owners of pyrites-, 
mines took pains to advance the use of pyrites by low prices ; 
and thus, in the course of ttfie next twei^y years, brimstone was 
gradually, but steadily, driven from its place in sulphuric-acid 
making, in proportion .as, on the one hand, it became dearer 
from the causes above mentioned (disease of the vines, etc.), and 
as more pyrites-mines were opened out. In 1852 brimstone 
was nojonger used'in Lancashire,'buf on tlje Tyne 75S0 tons of 
it were still bi»rnpd.« Aboyt i£6o or a littfe after this process 
ceased, and since that time no alkrfii«Jia.s been manufactured 
in Great iiritainnvith the employment of brimstone, although 
the latter, as we shah’seo later on, is employed a good deal 
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even now for the manufacture o i sulphuric a,cid»in that 
country. * 

The decisive point in favour of the usj'o S pyrites was this, 
that continually increasing quantities of qi}riff<ms ithn-pyri/cs 
came into the market, from Spain especially* (first in 1859), but 
also from other countries. These had in any case to be burned 
and their sulphur expelled before they«tould be worked for 
copper. Already with Ferret and *Son this had been the 
stimulus for their efforts; but the use,of such pyrites has in¬ 
creased on a colossal scije irfconscqueijcc of*thc opening out of 
the cupreous-pyrites mines in the Sofith of SjJliin, i« Portugal, 
and in Norway. In England non-cuprequs iron-pyrites is now 
all but out of the field, and has been supplanted by cupreous 
pyrites. This has been the case to a less extent in Trance 
and Germany, because they possess Ynincs.of rich iron-pyrites, 
which in England are not numerous; but even in those 
countries more* cupreous pyrites is qpw used. In 1867 pyrites 
had almost entirely supplanted brimstone in France as ;uaw 
material foi* acid-making in the large industrial centres 
{Rapport du Jury hitmiatwnal , Expos. Uuiv, d<* \ 867, vol. vii. 
p. 19). In Germany this state was brought about somewhat 
later, but quite as completely. Only during the years 1871 to” 
1873, when the price of pyrites had risen very high, a few 
factories in Hanover, in Hamburg, and Stettin temporarily 
returned to the use of brimstone (Hasenclcver, loo. cit. p. 155); 
but with the lowering of the prices of pyrites this was given up 
again. Spanish pyrites begaifto be ifsed in Germany in 1877. 

Thus, starting from the use of ordinary iton-pyrites, that 
of cupriferous iron-pyrites.has followed ; and to this was added 
the employment of other sulphurous jres and of the inter¬ 
mediate products of’smelting— f<fc instance, copper-rcgulus 
(“ coarse metal ”) at Mansfield and Swansea. The first chambers^ 
working with SO., from the metallurgical treatment of copper 
and l«ad ores were started at Oker in 1859, at Freiberg in 
1861. The Freiberg works employ for this purpose even poor 
lead-matts with about 2»pd- ccnft of sulphur, which formerly 
was thought ifhpos 5 ible (Bdde, lieitrage stir. Thcorie und Praxis 
der SchwefelsaitnfabrflyHon, 1872, f>. 1). We shall further on 
describe the application of other sulphur.ores apart from 
pyrites proper. 
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The principal sources "of pyrites wEl now be enumerated 
without separating the cupreous from the noil-cupreous, because 
no strict limit can be drawn. Some kinds of pyrites contain 
so little topper'(below i per cent.) that it cannot be utilised; 
and these go with t-he totally non-cupreous ores. 

Great Britain possesses several deposits of pyrites, but 
none of very great Importance. 'In Cornwall and Devonshire 
pyrites of the following composition^ found :— 



Pattinson. 

f 

Clapham (S analyses). 

Sulphur . J . 

m 

6 

0 

, 24-013 to 34-880 

Iron . t 

• • 2269 

27-076 „ 60-676 

Copper 

2 00 

0-400 ,, 4-600 

Lead . 

trace 

o- „ 7-446 

Zinc 

• . f, 23 

o- ,, g-oS6 

Lime . 

0-22 

Gypsum o- „ 0-596 

Carbonate of Lime 


°- » 3-579 

Magnesia . 

0-12 


Arsenic 

O* )2 

o- t „ i-160 

Insoluble (silica) . 

45 

2-000 „ 38-676 

, Oxygen as f e.jO ; . 

003 


Moisture 

0-64 

W 

* 

94-95 



Cleveland pyrites (from the North of Yorkshire) is only 
used in a local factory; in 1874, 500 tons of it were obtained. 
Composition (according to Pattinson’s analysis):— 


Iron disulphide . 

(corresponding to 27*18 sulphur) 

. 52*12 

Iron protoxide . 


11*92 

Alumina. . 


8*io 

Lime . 


0*27 

Magnesia 


1*00 

Carbonic acid . 


2*40 

Insoluble in acid 

• e • • 

I 1*12 

Water . 


12*86 

9979 


In Ireland there are large beds of pyrites, especially’in the 
county of Wicklow; and up to about 1862 this Irish ore 
supplied a very larg'c porticlh of the «pyritfs used in England. 
In i860 still 40,000 tons of it we’re 'imported "into the Tyne 
River; bat in 1863 the importation ifed fallen to 4000 tons, 
and has long since ceased entirely. The sa‘me has been the 
case in Lancashire; -and.only ^ few wprks in Ireland itself 
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bum this kind of pyritc*. 4 is founriin the county of Wicklow 
in beds from 6 to 50 ft. in thickness, which overlie siliceous 
clay-slate. The beds go down to depths of §0 to 100 fathoms. 
The bulk of the ore contains only 30 to 35* per cent. of. sulphur. 
A small quantity only of richer ore (analyse# a, l?,<) has been 
found in the valley of Ovoca. The IrislT ore is too hard and 
slaty and does not burn welt; it requires a great heat, and 
consequently deep kilns. , It nearly* always contains copper* 
but rarely sufficient to pay for extracting it, from which stand¬ 
point the following analyses Tnust be judged 


1’at/biiison. 


Sulphur 
lion . 

Copper 
Lead 
Zinc . 

Aisuiir 

Lime 

In-oluble . # 

Moistuie . 
Oxygen as Fe.A), 


44.20 
40-52 
0-90 
i- 5 o 
3*5i 
o-33 
0-24 
8-8 o 
0-09 
°.%5 


I *100-34 



Clapham. i 

* 

h. 

I 

• 

d. 

e. • 

40 - 4 IO 

j 42-128 

37*975 

34-676 

32-222 . 

. 35 *ooo 

• 34-650 

42-400 

4*133 

2-400 • 

2-400 

r -333 

2-903 

i-^po 

1-080 



• 0-602 

0-400 

0.183 

17-676 

i8-6fo 

• - 

22-500 

20.000 



• * 


’”1 

97*404 j 

100-406 

99*005 

100-185 


In llti/i’f (in the Cue Cocli Mine) pyrites is found entirely 
free from arsenic, according to Drinkwatt-r (/. .S 'oc. Chan, hid., 
l88 5 , p. 53 . 0 - It contains 48*3 per cent, of sulphur, and is’ 
used for manufacturing very j*ure oil of vitriol. 

A certain quantity of pyrites is picked frym coals, anti is 
, known as tool-brakes. If quite ffee fiofli coal, they are very 
rich—according to R. D.-'Thompson (in Richardson & Watts’s 
Chemical Technology , rol. i. pt. iii.jp. rj), 53.55 sulphur, 45-07 
iron, 070 manganese, dTo silica ; but practically they cannot be 
o tamed in this state, and the carbonaceous matter adhering - 
to th 8 ,n causey very much trouble ill the vitriol chambers 
their principal W in acid-making is for lighting the burners . 
or or getting up their Jiea* if it» has gone down. Mr G. E. 

avis informs me-thafconl-brasscs with *44 per cent* S and 
some carbon can he Wt in ordinary p'yrftes'-kilns, and, if 
proper arrangements ifre made, yieli* perfectly elear acid from 
e Glover tower. Apart Ifrom this they are worked up by 
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weathering,for copperas and Venetian t ed, and this is probably 
the way in which most of the quantity obtained in England 
(10,000 tons in 1874) is consumed. 

The total pfroductjion of pyrites in the United Kingdom was 
25,401 tons in iSSr.; 27,829 tons in 1886 ; in 1887, 22,079 tons; 
in 1888, 23,507 tons fin 1889, 17,719 tons; in 1890, 16,018 tons; 
1895, 9193 tons; I?p6, 10,177 tons; 1897, 10,752 tons; 1898, 
12,302 tons; 1899, 12,426 tons; f 1900, 12,484 tons; 1901, 
10,238 tons; 1902, 9168 tons; 1903, 9639 tons; 1904, 10,287 
tons; 1905, [2,186 tons; 1906, 11,140 tons; 1907, 10,194 tons; 
1908, 9448 tons; 1909, 8429 tons. 

The importations of foreign pyrites into Great Britain during 
ths years 1SG2 to 1887 arc quoted in our second edition, Vol. I. 
p. 32; those of the years 1888 to 1900 in our third edition, 
Vol. 1 . p. 42. Here wc shall give the figures for the years 1906 
to, 1910 from the Bluebook (Annual Statement of the Trade, 
etc.) for 1910. The figures denote tons of iron and copper 


pyr^es 


Impuitwl fn 11 

I'JOb 

_ 

11107. 

1 'JUS. 

1 'JO‘J. 

1910 . 

Swedtti .... 

9,<199 

7,561 

506 

* 685 


Norway .... 

64.530 

70,288 

66,767 

79,168 

90,935 

France .... 

21,560 

19,255 

1 5 . 1 9 ° 

35,149 

47,522 

Portugal .... 

55.907 

84,622 

73,342 

78,966 

79,385 

Spain 

569,155 

566,166 

563,906 

540,485 

537,972 

Italy .... 

2,676 

* 

6,550 

16,980 

10,001 

Venezuela 



1,300 

1,100 


Chih .... 

3,271 

... 

4,912 

986 


Other foreign countries 

5.906 

1.905 

2,704 

4,998 

7,346 

Total from foreign commies 

730,364 

749,81s, 

735,177 

758,517 

773,159 

,, British possessions 

28,960 

19,323* 

23,733 

32,551 

39,088 

Total 

T 

759,324 

769,141 

' 

> 5 -S, 9 io 

791,068 

812,247 


The exportation of pyrites from the United Kingdom is 
practically nothing. 

The most impoivmt Geitnan pyrites-bed is that of Meggen 
in the fsiegen,district, in Westphalia, *3 mites frbm the Alten- 
hunden Ration on the Kahr-Sieg r«ujl/ay. This bed occurs 
along witji hbavy spar in the so-called “ Ktramenzel ”; it is 
known for a length df t "ooq fathoms, and its thickness changes 
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from | to 3 fathoms* (Wagner's Jahresber., 18(^5, ^>. 221). 
The same authority states it to be “grey irofi-pyrites,” quite 
uncrystalline, free from arsenic [?]. The mass of ore above the 
bottom of the valley is estimated at ynllioii’ tons * how far 
the ore descends below the bottom of tVc valley is as yet 
unknown. * 

The ore has not an attractive outward appearance; its 
colour is slate-grey; but it, burns very well in the kilns, and it 
would be even more valuable if the zinc contained in it did not 
prevent its burning completely. 01der,anatyscs of it are given 
in our second edition, Vol. I. p. 35. Here I qi/bte njore recent 
analyses made at the Rhenania Chemical Works, as furnished 
to me by Dr R. Hascnclever in 1902 :— • 



u 

• 

- 

A \tu ago. 

Gangue • 

12-0 : 

. 12-96 

12-0 

Sulphur . . .• 

4 1 ‘04 

48-42 , 

40-0 to 43 0 

Iron .... 

34-92 

*5-50 

35*0 

Zinc . • . 

7 - 5 6 

5-8i 

7 -o •- 

head . . •« . 

0-38 

not Cbtiinatetl 

6 

0 

6 

Lime . 

0-50 

„ 

o-i „ 0-5 

At seme. 

trace 

0-05 

trace „ 0-05 

To. 1! 

97*32 

97-80 



lhe average represents 12,per cent, gangue, 75 per cent, 
iron-pyrites (FeS,,), 10-5 per cent, zinc-blende (ZnS), together 
97 - 5 - • 

Jtirisch (,Srfnvefrfsaure fibrikntion,j>^ 14 t'l so/.) quotes a 
number of analyses of Westphalian pyrites, by F. Quincke, for 
the year 1892. In these'the sulphur varied from 41 to 4675 
per cent., iron from 29*55 to 36-i6tper cent., zinc from 8-2 to 
19-41 per cent. (I exclude two samples containing 27-58 and 
42-05 per cent, zinc, which are more correctly classed as blende 
than as pyrites^ lead from 0-3 to 1-7 per cent., arsenic from O-i to 
0-2 per cent., besides silica, alumina, lime, magnesia, manganese, 
alkalies, and small quantitie^of otBer substances. , 

The same source quotes* analyses of pyiitq^ from Bensberg 
(46-86 per cent.' S), Aadien (46-0* ger cent.), Rammelsberg 
(44-65 to 48-4 per*cent.), Frejberg (52-20 per c«nt.*). • 

The following is a comnjete analysi«*by Fresenius of ore 

• .* 
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from tHe ,Philippine pi* belonging Ao the Sicilia Mining 
Company at M'eggen, made in 1898:— 


Iron . ' , f 

34-89 

’Zinc *. ..... 

8-38 

Manganese; ..... 

0055 

Cobalt and N/.ckcl .... 

0-024 

Lead ...... 

0-298 

Alumina ,.... 

trace 

Lime . . 

1-41 

Magnesia ..... 

0-75 

Sulphur ..... 

44*55 

Arsenic * . .c 

o-o 7 

Carbon dioxide r . 

1-90 

Phosphorus peroxide .... 

trace 

Gangue ..... 

Oxygen as Sulphate, Thiosulphate, etc., and 

5-83 

traces of other substances . 

• •743 

. 

100-000 


, There are smaller beds of pyrites in several other places in 
Germany, such as those ijear Goslar, near Schtvelm in VVest- 
phc'.ia, near Mnrzdorf in Silesia, etc. Their production is only 
smalWompared with that of the Meggcn pyrites.* The pyrites 
of the Rammekberg in the Harz, according to Mene, contains 
48-4 per cent, of sulphur (probably only picked lumps). The 
cupreous pyrites of the same place is stated by Hilgenfeld to 
contain :— 


Copper .... 

12-22 

Lead . ‘. . 

2-43 

Iron . . . ‘ . 

39-10 

Zinc, Manganese, Cobalt, Nickel 

1-23 

Arsenic . . '. 

0-18 

Antimony .... 

o-16 

Sulphur '. 

44-65 

Selenium, lhallium, Indium, Bismuth 

. traces 

v. 

99-97 


The bed of Schwelm in Westphalia, m the Devonian forma¬ 
tion, has a thickness ai from 10 to 33 ft., over a surface of 
nearly 150 acres, and is covered by rich iron-fire; the pyrites 
itself consists of two-thirds powder mixed with*well-crystallised 
pieces. t The ore contains about 40 p«r cent, sulphur, and more 
or less clay,, which is removed by \Vashihg; After this it is 
sold to the vitriol-makers, \Vho like it* o^>accouht of its freedom 
from arsenic (Dit'gl. poly'f. /., ccxxviii. p. 283); Hjelt, however, 
found more arsenic in, ft than in Meggen pyrites. 
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On the island of Wiollir* a pyritc*-bed is foun^ in bed of 
marl belonging to the chalk formation. ' 

A great drawback to the German ores is the presence of 
zinc, which retains a considerable quantjty of sulphfir in the 
state of sulphate. In Silesia 14 per cent, of zinc i$ allowed as 
a maximum ; upwards of this for each percent, of zinc the same 
quantity of sulphur is deducted frorr^ thennvoice (Kosmann, in 
Fischrfs Jahreslm., 1886, |* 268). 

The production of German pyrites during the years 1.853 to 
18S6 is quoted in the jecond edition .of this work, Vol. I. p. 
38; that between 1891 and 1897 by TIasencleter, Ghent, [ud., 
1899, p. 25. The maximum production in 1874 was 143,476 
tons; the average of those ten years is about 130,000 tails. 
The production was 133,302 tons in 1897, 136,849 tons in 1898, 
144,602 tons in 1899, 170,867 ton's in" 1903,,! 74,782 tons in 1904, 
185,368 tons in 1905, 196,571 tons in 19*16, 196,320 tons in 19P7, 
196,971 tons ifi 1908, 198,688 tons iij 1909, and 215,700 tons in 
1910. The importation of foreign (chiefly Spanish) pyrites into 
Germany increased from 238,643 tons in 1891 to 357,01/tons 
in 1897, all of this tor sulphuric acid. In 1898 «it was 376,817 
tons; in 1899, 437,732 tons; in 1900, 457,679 tons; in 1901, 
488,632 tons in’ 1902,482,095 tons; in 1908, 643,487 tons; in ' 
1909,679,647 ions; in 1910, 792,000 tons. 

The exportation is small: in 1898, 19,219 tons; in 1899, 
16,985 tons; in 1900, 24,936 tons; in 1901, 23,680 tons; in 
1902, 35,370 tons. 

Austria-Hungary possesses large beds of pyrites. at 
Schemnitz and Schmolnitz in Hungary, in Stjria, and Tyrol. 
j.,lhe pyrites from Schemnjtz contains on an average 47 to 48 
per cent. S, 39 to 40 per cent. Fe, 0-58 pyr cent. Cu, 1-5 to 2 per 
cent. 7 ,n, besides lead,'silver (81 g.tper ton), and gold (2.2 g. 

: per ton). Schmolnitz ore contains 44 to 48 per cent. S, 0-4 to 
0-6 per cent. Cu, 2 to 3 per cent. 7 *n. Jurisch (from whose 
Sckweft’lsaurc-fri)rikati0ii, p. 18, the above is taken) quotes an 
analysis of Schmolnitz pyrites with 48-89 per cent. S, 0-32 per 
cent. Cu, 0-14 jier cejit. AS; fopoo%r So,000 tons of this.pyrites 
are obtained per annum. ’ . . ! • 

At Efavidsthal, in ^ilftmia, pyrites is found containing 49 
per cent, of S witfi 6 per cenf. carbon. It .is used for*manufac- 
turing S 0 3 by the contact process. • 
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In Tyro} pyrites is found testing 40-15 to 41-3 per cent. S. 

'In Styria (R*iedl, Zcitschr.f d. chan. Grossgewerbc , ii. j), 567); 
in the Saun valley, a number of beds of very pure but easily 
decomposable 'pyrites occur in the clay porphyry, with a 
percentage of 48 to 52 of sulphur. It is used in the chemical 
works at Hrastnigg and in Bohemia. The production is about 
3000 tons per mm\m'(Fisc/ier's Jahresl’er., 1886, p. 255). 

In Switzerland , in the Canton of .Wallis, a pyrites is obtained 
which does not seem to have found any technical application as 
yet. Its composition, Recording 'to a,n analysis made in my 
laboratory!, isc 

Sulphur . . . . . . 50-46 


(of this 0-05 as lead sulphate in the insoluble residue) 


Iron . . . ' 


44-55 

Lead ... 


o-37 

Lime . . - 


w 3 

Magnesia . * . 


O-I 1 

Carbonic acid . 

*/ . 

i*or 

Silica, Iron peroxide, Alumina . 


170 

* (insoluble) 

Moisture .... 

c 

* 

0-40 

Ob-73 


In Poland pyrites occurs together with blende, containing 
some thallium (Antiporo, Fischer's Jahresher., 1897, p. 421). 

In Belgium a rich pyrites is met with, the great friability 
and softness of which do not tell in its favour. The following 
are analyses of this pyrites:— 


’» 

“ 

l 

h. 

'■ 

d. 

e 

/- 

Sulphur 

42-80 

35-50 

46-20 

45-oi 

50*00 

45-60 

Iron .... 

3670 

38-60 

46-50 

39-68 

4 3-61 

38.52 

Ferric oxide . 

Oxygen in fenic oxide . 

7 - 21 j 

4-24 

2-2^ 

0-32 

o-i 8 

6-oo 

Lead .... 

0 <)2 

o-6 5 

0-4! 

o-37 



Zinc .... 

0-40 

5-26 

0-22 

1-So 

'■75 


Arsenic .... 

0-20 

o-3I 

0-41 

ti.ice 

liace 

trace 

Thallium 



... 

ti ace 



Alumina 

trace 


... 

...* 



J Silica .... 

8-86 

14-go 

g-io 

12-23 

2.85 

g-oo 

Carbonic acid . < 


... • 



0-73 


Calciuifi carbonate t . 

0S4 

trace 

4 •• 

V "* • 


O-II 

Lime . . < . 


* 


0-25 

0*<)2 


Water . .* . 

1-rtf. 

0-56 

•°i 

0-26 

o-iq 

o-}6 

Total .. 

* 






4>9*41 

r « 

IC0-02 # * 

907 6 

99*91 

roo-14 

99-59 
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{a, b, and c hy Clapbjim ip Richardson and Watt’s Chemical 
Technology , vol. i. part iii. p. 14; d , pyrites* from Rodieux 
near Spa ; e, from Santon’s pit on the Meuse, both by Pattinson 
loc. cit .; f by MacCulloch, Client. News , x*v*ii. p, 125) • 

The Belgian pyrites is usually only g'ot.as a by-product in 
obtaining lead- and zinc-ores in the provinces of Liege and 
Namur; it is either microcry&alline or crystalline, or in bulbous 
pieces with a concentrically fibrous structure. Its quality varied 
very much. It is mostly used locally and in the north of 
France. • 

In i860 as much as 42,513 tons‘of pyrites was got, but 
this was the maximum attained. In 1879 still 15577 tons 
were procured, but in 1880 only 79.3 tons, and in 1881,0965 
tons. 1 he'production remained alfout 2000 or 3000 tons for 

a mimbcr of F ears ’ but since - 1898 it haS been altogether 
insignificant. * 


In France 4he principal deposits of pyrites arc those of’the 
Rhone (Chessy and Main-Bel) and of tile S»uth (Card mu‘ 
Ardeche). •The Rhone beds exist on both banks of the 
Brevenne, a tributary of the Saone, on a width/if 4 or 5 miles. 

I he bed on the left bank is that of Chessy, about 6 miles long 
and several ya'rds thick. This pyrites is bright yellow, very 
crystalline and friable. When first got it contained 4 or 5 per* 
cent, of copper; but the cupreous vein has run out, and the 
noii-cupreous ore on this sidejias nearly ceased to be worked 
I he beds on the right bank are those of Sain-Bcl or Sourcieux. 
he northern part furnishes m more Compact ore than that from 
Chessy. Most of it is non-cupreous, but th<*e is also a vein 
wit 14 or 5 per cent, copper; the gan’gue is mostly sulphate of 
baryta. Much more important is the southern part of this bed 
the “masse de Bibosc.” The orcjjs here very rich in sulphur,’ 
green with yellow reflection, and very friable, so that there is 
a most as much smalls as lumps; the*gangue is almost entirely* 
si icecus ic; beds in the South of France are more numerous, 
but much less Important. The most considerable mine is that- 
of Saint-Juhen-dc- Valgjalgacs, in the Department du Gard • 
ere is another rfiinc 'at Soyops, in the jirdecjie. fhe other 
rench.mmes ire of tttie importance. A detailed.description 
Mo ” '*'' *py r >res-mines has Been givpi 'by .Girard and 

Morin (Comptes rend., 1S75. lx.vxL p. ij ^ Ann. Chin,. P/tvs [ 5 ] 
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vii. p. 229); from this P*P e >" the* following analyses are 
extracted, which seem more trustworthy than those by Mtne, 
given in the 1st edition of this book, p. 92, from the Monit. 
Semi., 1867, p. 410. ‘ ' 

These analyses may be summed up* as follows:—The 
pyrites from the Rhone and Sain-Hel, on* an average, contains 
46 to 4.8 per cent, of sulphur and 10 to tetter cent, of gangue, 
consisting of clay, sand, and barytes. In the southern part of* 
the district of Sain-liel the percentage of sulphur rises to 50 or 
53, and the gangue is inconsiderable jind fYee from barytes; 
arsenic is not present in quantities sufficient foi* determination. 
In the district of St Julien (Le Gard) pvrites is not found in 
the clay-slate, as at Sain-Hel, but in the Lias or Trias; ihe 
sulphur varfes from 40 to 45 per cent.; the gangue is calcareous, 
and varies from 3 to 6 per cent.’; arsenic Js present up to o-i 
per cent., sometimes also fluorspar in quantities sufficient for 
estimation. Tiie pyrites from Ardecjic contains from 45 to 50 
percent of sulphur; the gangue is clay, free from lime ; arsp.flc 
occurs up to*03 per cent.; fluorspar sometimes occurs in in¬ 
jurious quantities ; tlie hydrofluoric acid given ofSfrom it in one 
case destroyed the glass apparatus for spreading the nitric acid, 
and the latter 'bus got to the chamber-bottom and corroded it. 

In 1874 there were used in France 178,400 tons, of the 
value of .£240,000. Of this the beds of Sain-liel, which supply 
two-thirds of the French factories, contributed 120,000 tons, 
those of St Julien (in the department Gard) 24,600 tons, those 
of Le Soulier (Gard) 6000 tons* those of Soyons (Ardechc) 900 
tons. Girard and Morin give twenty-thre^ analyses of French 
and five of foreign pyrites jised in France. 

According to Scheurer-Kestner (VVurst, Did. dc Chintic , ii. 
p. 138) the pyrites from Chessy and Vain-llel contains 45 to 48 
per cent, of sulphur with very little arsenic and selenium, that 
from Chessy also t or 2 per cent. of*copper and zinc. The 
copper* is obtained from the cinders, at least at the Chessy 
works, by allowing them to lie for a time and moistening them : 
the liquid running off contuin? copjAr and zone sulphate^; and 
the copper is got from it’by cementation. 'Nearly all French 
works, as*we!l as those fi« Alsace ancf Switzerland^ obtain their 
ore from those two* pits* onlyr Jhe works at Gar«l and Marseilles 
get it from Alais, where the pyrites contains 38 to 42 per cent. 
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of sulphur; ,a few factories in the iv>rth»of France use Belgian 
pyrites, those iif the south use Spanish pyrites. 

The production of pyrites in France was :— 


1891. 

*243,030, tons. 

1901. 307,000 tons, 

181)2. 

226,504 

)) 

1902. 318,000 

M 

1893. 

227,28c? 

)) 

1903. 322,000 

» 

IS94. 

to 

'•vl 

00 

T* 

Cn 

►w 

„ 

1904. 271,000 

)» 

1895. 

248,934 

» * 

1905. 267,000 


1896. 

295,325 

)) 

1 1906. 265,000 


1897. 

29S,57i 

)) 

1907. 283,000 

>» 

1898. 

306^002 

V 

O 

O 

O 

oo' 

GO 

g. 


1899. 

513,087 


I9O9. 273,000 

1) 

1900. 

305,000 





<Italy possesses beds of pyrites in several places. Those 
occurring in the province of Bergamo, tested in Vfcnna (Wag¬ 
ner’s Ji’/tirs/irr., i&yg, p. 272), arc composed as follows:— 


• 

# Rodolta 

Tassovra 

N. Guisoppe 

Vallantica 


‘I'^rry. 

quarry. 

• 

pit 4 

pit. 

W • 





Iron K 

36*29 

41.72 

48-35 • 

36-79 

Copper .... 

trace 

tiacc 

, 0-07 

1*69 

Zinc . * 

trace 


0-18 


Lead. 




trace 

Silver .... 



... 

0*014 

Sulphur .... 

39*32 

44-36 

30*97 

41-56 

Arsenic .... 

o -53 

0-14 


0*18 

Alumina .... 

2-37 

1*28 

1*86 

>•25 

Lime. 

5-89 

0*88 

1*70 

o -37 

Magnesia .... 

o*66 

o -39 

0-14 

0*10 

Silica. 

7*16 

9*68 

10*45 

16-40 

CO.,, O and lip (1.) cliff.) 

7 78 

i -55 

_*_ __ 

6*28 

1*646 

Total \ . 

100-00 

100-00 

100-00 

_ 

100*00 

_ • 

• • 





• | 

In the Val d’Aosta there arc several mines, some of which 

contain a strongly arsenical pyrites. 


Those at Brosso, near Ivrea, belonging to Messrs Sclopis & 
Co., yield pyrites containing very little arsenic: present output 
about 20,000 tons per annum. One quality contains 48 or 49 
per cent, of sulphur and 02 of arsenic, the ot*hcr nearly 50 of 
sulphu/ and only‘traces rfc’ arsenic* It is too explosive for 
burning in lufnjxs, Cut excellent for*brfrnin£ as srhalls. Another 
mine is at Pre St Didier ill the same«vafley. This Aosta pyrites 
mostly raquires special contrivances for^ettiifg rid of the arsenic 
in burning; the dual's are worked for copper, silver, and gold. 
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Pyrites in quantity i« als» found at Agordo (Cadorc*), Sestri 
Levanje, and of very good quality in Sicily. T/le whole of the 
24 Italian sulphuric-acid works burn pyrites, partly imported 
from Spain (Candiani, Chan, lnd., 1895, p, 1*53)none ’of them 
burn brimstone. ’ 

The production of pyrites in Italy was:— 


1897 


■ • 57,3*3 tons 

1898 

} 

66 ,120 „ 

IS99 


75,308 ,, 


I11 1910, Italy produced 135,628 tixrs ordinary and 30,060 
tons cupriferous pyrites. 

Siuetlish pyrites , from Fahlun, varies between 43 and 48 per 
cent, of sulpjiur. This ore is obtained as a by-product in the 
getting of copper-ores, and is said to exist in enormous quantity ; 
but, owing to the difficulty of transit, its exportation does not 
pay. It is said to burn well. * * 


Analyses of Swedish Ky/ites. 



J’tittmson. lit nw 

■11 ttiif 1 Maup< 

Sulphur 

4370 

38-05 

lion .... 

39*° 1 

42-80 

Copper • . 

O-fO 

1-50 

Lead .... 

0-12 


Zinc .... 

2-57 


Lime .... 

085 # 


Magnesia . 

. • 0-69 


Arsenic 

trace 


Insoluble 

t 11 - 66 * 

1216 

Oxygen, as Fe._. 0 ; 

f 

* find loss 

5-49 

Water . . . t r 

0 20 



9y-62 • 

10000 


—*— — ■ — 

The exportation of pyrites from Sweden in the year 1909 
was 16,104 tons. 

In •Norway there exist very large beds of pyrites, many of 
them containing copper. Of the many pits formerly worked there, 
all those had to stop wilier pToduc?d ores with only from 35 to 
40 per cent, ofsulpliur. *Th'c richer 4 ores, even, tlmse free from 
copper, Ifave maintain^ rtieir position to some exteitt, because 
they burn well, are easily Ijghted, keep the heat wi*ll, do not 
“scar,” etc. They are mostly*hard and ilifficult to break. X' le 
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most cdhsitjerable pits art those ofYtteroen, which export vid 
Drontheim; tlfey supply 6000 to <Sooo tons per anmjm. A 
large mass of cupr-eous pyrites, with 45 per cent, of sulphur and 
3 of copper, at’Vigstifics, was worked by an Antwerp Company, 
but is now 'exhausted. Norwegian pyrites contains very little 
arsenic. Other pits exist thirty miles from Drontheim, on the 
Hardanger Fjord, in«ar Bergen, etc. The Norwegian pyrites is 
more in favour as a sulphur-ore (excepting its difficult break¬ 
age) than as a copper-ore; its cinders do not very well suit the 
ccpper-works. 1 , , 

• 'Ana/yses' of Norwegian Pyrites. 


« 

I'attmson. 

MacCullocli 

f 

Yttcioeu ore. 

r 

Dionllieim oit* 

' * 

I 

u. 

Sulphur 

r 

J 4-50 

50-60 

46.15 

38-17 

lion 

39-22 

44-62 

41*20 

3 -t'So 

Copper 

1 •a#' 

lute 

1*28 

l-IO 

Tiwic • 

1*18 

i-H 

2-10 

2-32 

Lead .... 

« 

ti.ice 



Lime .... 

2-IO 

tia< e 



Calcium Carbon ije 



* 2-55 

11-90 

Magnesia 

0-01 

trace 



Magnesium Carbonite 
Carbonic acid 




i-oS 

1-05 




Arsenic 




tr.ue 

Insoluble 

q-o8 

3-15 

3-20 

12-20 

Oxygen, as be A., 

0-45 



... 

Moisture 

. 0-17 

0-20 

j_ _ 

0-40 

0-25 

Total 

ioo*r6 

99-91 

99-80 

99.82 

, __ 

_ 

« 


j 


The following information is due to Mr Knudscn, manager 
of the Sulitjelma mine (through D,r Masenclcvcr). Norway^, 
exported in 1901 aboitf 90,000 tons pyrites from the following 
pits r 

Sulitjelma, near ISodoe . 35 to 36,000 tons with 45 p.c. sulphur 
Killingdal .... 25,000 „ 43 to 44 p.c. sulphur 

Roros, near Trondhjem . 15,000 „ 43 „ 44 ,, 

Bossmo „ . 15,000 ,, „ 50 „ 

By .far the largest mini is the first-mentioned, which is 
expected j to ytckj an additional 20,000' or 25,006 tons in 1902 
and is reckoned to last for centuries t£> ^jme. It contains very 
little arsenic. Much ore, richer in fopper and'poorer in sulphur, 
is ^lso smelted on thetsjrot.- The tfre from Killingdal and Roros 
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is also cupreous; and tiiat from Bossma is free from'copper, 
with traces of arsenic. The following mines are not yet worked, 
for want of railway communication :—Foldal, Vaarteigen, and 
Nudal. They test 43 or 44 per cent. S,,and at most" 2-5 per 
cent. Cu, and might yield from 60,000 to 90,000 tons per annum. 

Detailed communications 011 the exportation of pyrites (and 
iron ores) from Norway and Sweden have been made by J. H. L. 
Vogt [Z. Elcktrochcm ., 190J, p. S56; and Verhandl d. V. intern. 
Kongr.fangew. them., 190441’., pp. 90 etseq.). The same estimates 
the production of pyritcj in Norway foj 1906 = 900,000 tons [?] 

(Chem. Zeit ., 1907, p. 269). In 1909 the exportation-of pyrites 
from Norway yielded nearly 5,000,000 Kroner. In 1910 the 
production was 320,000 tons, and for I911 it is estimated* at 
400,000 tons*(6 7 /( 7 //. Iml., 1911, p. 755) 

In Russia a good many beds 6f pjiilcs^xist, some of which 
are utilised for the manufacture of sulphuric acid, especially 
those in the Ural. The Russian pyrites beds are enumerated,., 
in Chan. Trade]., 191 l.xlix. p. 29, and ]. # p. 71; atid in Eng. and 
Min. World , f|th October 1911. Pyrites is found in Central and 
South Russia, and i!i the Caucasus, but most of* it in the Ural 
districts, far from the centres of chemical industry. It contains 
about 30 per cent*. S and much carbon, which makes it unsuitable 
for the production of sulplunic acid by the contact process. 
The Ural pyrites splits in roasting and gives off much dust. In 
1908 the production in the Utal was 50,000 tons, in Central 
Russia 2500 tons, in the Caucasus about 5000 tons : total 57,500 
tons. The importation of foftign pyrites in 1908 was 90,800 
tons; in 1910, 110,000 tons. . , « 4 

% Spain and Portugal possess the largest known beds of 
pyrites. Much of it is cupriferous, and ;\J 1 of it is distinguished 
by its very good behaviour in burner#; so that the burners have 
been built very much lower for it, and much labour is saved. 
This pyrites has only been worked ajfain since 1855; but the 
Romans, and before them the Phoenicians and Carthaginians, 
knew it very well, as is shown by many traces. The bed, how¬ 
ever, was at that tjmc nnly* worked where it was richest in 
copper. According *to Sclibnichen (JJingl. ptly^ clxx. p. 448) 
all the beds are within * belt of 5 leagues width,‘reaching, 
parallel to the Sierra ifforei^i, from tile western frontier of the 
province of Seville, across the hilly country situated to the 
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south of this, right through Portugal tt> the Atlantic Ocean—a 
distance of 30 leagues. The prevailing rocks in that gountry 
are clay-slate and'crystalline slates ; but parallel to the granitic 
tract of 1 the Sierra iylorena felsite-porphyry and quartzite have 
broken through the slate, and only in the neighbourhood of 
such dykes are the pyrites-beds found. Their shape is that of 
large lenticular pocktts jn the inetamorphic clay-slatc, from 20 
to 36 fathoms thick, and extending to a length of 170 to 260 
fathoms. The whole bed is filled with pure pyrites, without any 
visible gangue. The eye is in a few places found at only 1 or 2 
fathoms bclow'thc surface, undecomposed, and in a sandy state, 
so that it can be got by daylight work. In other places the 
zo'ne of decomposition reaches from 10 to 50 fathoms down¬ 
wards. The percentage of copper varies from 2 l to 40; but 
ores with more than 10 p'er cent, of copper are only contained 
in small vertical zones within the large masses. Only these 
black " ores were the object of the mjning-ofJerations on the 
pferl of the Pfiueniciang and Romans. The quantity of pyrites 
existing there is almost inexhaustible, and can certainly supply 
the requirements of mankind, both of copper and of sulphur, for 
thousands of years to come. 

Special highways, and latterly also railways, have been 
made in order to facilitate the communication with the ports of 
Huelva, San Lucar du Guadiana, and Pomaron ; but a great 
deal of the ore is still conveyed for some distance on mule-back. 

Of the various companies which had been formed for work¬ 
ing this ore most have ceased fo exist; and only four or five 
remain, all of tfiem itj l;ngli^h and French hands. The smallest 
of these is the Buitron Pyrites Company, which works the minqs 
of Buitron and Podgfosa. The Tharsis Sulphur and Copper 
Company possesses much«more extensile mines, a railway' of its 
own, a wharf at Huelva, and also a number of works in England 
and Scotland for the wet extraction of the copper from the 
cinders returned to them. The Tharsis ore is very g6od, but 
very soft, and makes much c^ust in breaking. The San Domingo 
mine lies in Portuguese territory' its ore .is known as Mason’s 
ore, and is ccflisifleiAd superior to afl others, so that it commands 
a better firicq. The last, &ut largesf, cs^thcsc companies is the 
Rio Tinft) Company, which has thrown such large quantities of 
pyrites into the £ngiish market "that, from 1875 to 1876, prices 
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receded by more than Ale-third. It# ore is also »f excellent 
quality, 1 he mines of Carpio and Lagunazo, in the province of 

Huelva, are not yet worked for exportation. * 

The Spanish (and Portuguese) pyrites neve? contains less 
than 46, and up to 50 per cent, of sulphur, besides 3 to 4J- per 
cent, of copper, which, however, by most of the English buyers, 
is not bought, but returned in kind to.thc teller in the shape of 
cinders horn the pyrites-burners. The value of the copper (if 
bought) is still fixed by the so-called “ Cornish assay ’’-that is 
a process of dry assaying known only to« few assayers living at 
Redruth and other places in Cornwall; the grea't inaccuracy of 
which is perfectly well known to all parties concerned : it shows 
for instance, only 2 per cent, if 4 per. cent, is actually present’ 
and from this difference the buyer must pay % cost of extract¬ 
ing the copper and his own profit since thaprice to be .raid for 
the copper in the ore by Cornish assay .'sometimes higher than 
he value of a sifhdar quantity of copper metal. This remarkably 
irrational system has not hitherto been done awa/with for sales,' 

. 11 [ ierma,, y also .'n >S;/ a number of manufacturers united 

in working Spanish pyrites (especially Rio Tint?, ore), and in 
Cc ivering all their cinders to the Duisburg copper-works. The 

, r '; orkS a S usu similar orcs > which they work up them- ' 
selves for copper. 1 

The ore of the three principal companies is very similar in 
composition ; its analysis is as follows 


l’al till SOU. 


Sulphui 
lion . 

Copper 

Lead . 

Zinc . 

Lime . 

Magnesia 
Thallium 
Arsenic 
Insoluble . 
Oxygen, as Fe.,0 
Moisture 


Total 


4^-00 

40-74 

3-42 

0-82 

trace 

0*21 

*.o-o8 

tr.ue 

0-21 

5-67. 

0-09 

-0.91 


100-15 


• 

• 

49 60 

44-tq, 

42-88 

38-70* 

• 2 26 

3 ‘8 o 

0-52 

0-58 

o-lo 

0-30 

0-18 

0-14 

trace 

trace 

trace 

trace 

o : 28 , 

0-2* 

2 ‘94 

II-IO 

| 6-iS* 

0-23 . 

.°P 

0*17# 

~9 - 


99-86* , 

99-88 

# 

f 

* 



• 

— 

100-00 

99-39 

• 





80 


RAW MATERIALS 


' The following analyses represent the average quality:— 



* 

Riu Tiuto. 


fi. Domingo. 

' 


, r 





Tharsis 

Bartlett. 





r 



(Juiiiwij'e. 

r 

Caron. 

liivista 
Mill. 23 

PaUmson 

JIartlett. 


Sulphur . 

48-0^, 

507 

*4 y 00 

49 ' 9 ° 

49-80 

47-50 

I ron 

40-00 

«|i -3 

- 13 - 5.3 

41-41 

43-55 

41-92 

Copper . 

3-42 

3-5 

3 -* 

2-46 

3*20 

4-21 

Lead 

0-82 


0-93 

o-y8 

o-93 

1-52 

Zinc 

u ace 


g -35 

0.44 

o -35 

0-22 

'Arsenic . 

0-21 

• 

0-47 , 

o-55 

0-47 

0-38 


A new pyrites-mine has been opened in Spain, called St 
Mardy Tinto Santarossa. , Its product has been found by Lunge 
and Banz.iger (Z- augetv. Chau., 1896, p. 421) to contain 0-85 
per cent, moisture* 5-20*insoluble, 43 87 sulphur, 42-12 iron, 
i-"09 arsenic, 2-15 antiiftony, 3-17 copper. 

Some kinds of Spani»h pyrites are,in bad "repute with the 
manufacturers as “explosive,” or “detonating," because they 
decrepitate in the kilns shortly after lighting with loud detona¬ 
tions, and th?reby make so much fine powder that the burners 
are stopped up and “scars” are formed. The reason of this 
detonating property is probably to be sought m the presence of 
hydrated silicates (zeolites) in the ore. Best and the United 
Alkali Co. ( 15 . 1 *. 7915 of 1905) subject such pyrites to a 
preliminary heating by mean* of an apparatus, shown in the 
specification, before charging it in the pyrites-burners. The 
explosive pyrites from Goshf-n Copper Mine, near Scull 
Harbour, County Woiik, is said to contain confined carbon 
dioxide and water (Blount,/. Soc. Chan. Ind., 1885, p. C74). 

Recently hundreds; of thousands of tons of “ leached ores” 
have come into the market from Spam, especially Rio Tinto 
and Pomaron. These ores are exposed to the weather and 
then washed with water, in order to extract the copper, of 
which they retain only 0-3 to 0-5 per cent. They test 49 or 50 
per cent, sulphur hi the d|y state, but they generally contain 
about*5 per cent, yater. In the pyrites-burners they make very 
much cltist, 3 s they are vary porous and friable. 

According to I ljelt, the average percentage of'arsenic in 
Spanish’ores i 5 o-gi., . 

• Pyrites with yqr^ little or ncacopper is also found in Spain. 
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)ne of the best descriptions is»that of tke Aguas Tenidas’niine, 
-ontainiyg iron 46-60 per cent., sulphur 53-15 per cent., silica 
>20 per cent., arsenic, copper, selenium, silver‘and gold traces. 
It is sold both in the state of lumps and sipplls. It burils very 
-asily down to i-o or 0-5 per cent, of sulphur, so'that the 
;indcrs, which contain 6,8-5 per cent, of metallic iron, and no 
:opper, phosphorus, lead, or zinc, are veryi/aluable for blast¬ 
furnaces. The annual sales'have exceeded 200,000 tons, but 
for some time very little has come into the market owing to an 
accident at the mine. , . 

II. J. Davis of New York, one of the' principal importers of 
pyrites to the United States, gives the following analyses of 
very good, hard Spanish ores containing but little copper:— * 



Aucena 

• IJfilm.uTft 

• 

• 

*san Tulino. 

s. . . . 

51-77 

50-19 

46-40 

Fe 

*45-53 

4 #' 6 i 

40*11 

Cu 

0-29 

0*20 

••90 

Si t . 

1-90 

3 -oo 1 

11*27 

/\ b * ■ • 

p 

• _ 

? 

_ 

none 

• 


The production of iron-pyrites (non-cupreous) in Spain, 
according to (hi. .-V'/ Shift's Mineral Resources, for 1900, p.826, 


,vas as follows ■— 

1871. 279,161 tuns. 
1892. 435,906 „ 
i-S’93- 393,453 „ 

1894. 511,769 „ 

1895. 480,255 „ 


. 1896. 9k,393 tons (?) 

1897. 217,545 „ 

, 1898. ,355,896 „ 

1899. 316,212 f 

fl * 


The production of cupreous pyrites and its exportation by 
the three principal firms in Spain and Pohugal was, according 
to the same authority, p.*l86:— 

1. Rio Tinto Co. * 


'1898. Production 1,465,380 tons (2,852 per cent. Cti). 

1899. „ 1,649,844 „ (2,719 „ „ ). 

1900. „ # J,* 94 , 5*4 ,, ( 2.744 ..)• 

■ Exportation in I900: 704,803 tons(( , 

t * 

2. That\is Sulphur & Copper Co. 

1899. Production 572,854; exportation ^2,475 tons.* 


1900 


468 , 7 ^ 8 ; 


20^019 „ 
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3.'Mason & Barry, iLtd. Exported : 

i 899 - 339,298 tons. 

1900. 394,740 „ 

Enormous quantities of cupreous pyrites are roasted and 
worked for copper In Spain, without utilising the sulphur, as is 
apparent from the^bove figured. 

In the year 1909 Spain exportcid 1,360,325 tons and Portugal 
74,419 tons pyrites of all sorts. 

In the if. angeia. Chew., 1905,'p. 759, the following statements 
are ma^le on. Spanish-pyrites. New facilities for shipping ore 
have been provided at Huelva and at some new railway 
stations. At Huelva in 1904 about two million tons of pyrites 
have been shipped. Th6 Tharsis Co., the Rio Tinto Co., and 
the Ruitron Co.'have opened out new mines. The Rio Tinto 
go. was erecting superphosphate works to utilise the excess of 
their ore. ,. 

'•v According to Reuscfi {Chew. Zeil ., 1906, p. 326) the Rio 
Tinto Co. has discovered new beds of pyrites which allow it to 
maintain thq present production for another hundred years ; so 
has also the Tharsis Co., which will be able to supply several 
millions of tons of pyrites in excess of what it had counted 
upon four years previously. 

The United Slates of North America Ate very rich in pyrites. 
The principal mine?, worked at present are the following:— 

In New Hampshire: the Milan mines, Coos County. The 
ore is of excellent quality, and* is now sorted into two grades, 

of the following composition :— 

r t . 


I 

- • - 

No. !.*• 

No. 2. 

Sulphur . . 1 

46*0 % 

| 35 -o 

Copper . 

3-7 

5 -o 

Iron . . • . 

40-0 

30-5 

Silica . . . ; 

6*2 

25-5 

l Zinc 

4 -o i 

• 8*o 

j Arsenic . . . j 

0 i 

ft 

• 0 


No. 1 is.in ^ipocial favour, but ‘Nd! 2 btirns t-ery well and is 
readily bought Smeltin'g-works exist for extracting* the copper 
and silver. . * % * 

New York: 20041‘tons wcre*,raiscd at Hermon, County St 
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Lawrence; sulphur contents,*38-0 percent. Another mine in 
Ulster County, with 39 per cent, ore, was worked till stepped 
by an inrush of water. t * 

Virginia: Arminius Copper Mines Co..and Sulphur Mines 
Co., both in Louisa County. The ore contains 49-5" per cent, 
sulphur, 05 copper, 43-5 iron, (*4 silica, etc. Other mines are 
in Prince William and Palaski counties. *• Virginia was the 
larger producer of pyrites in the United States in 1909. 

Alabama : near Pyriton, C[ay County. 

California produced more pyrites in.1909'than any othet 
state except Virginia, near Oakland, Alameda County, ;tnd near 
Keswick, Shasta County. 

Georgia: near Acworth, Cherokee; County, and Villa Rita 
near Atalanta. The production in 1909 w,;s less than in 
1908. 

Illinois: the production in 1909 greatly exceeded that of 
1908. I he pyrites is obtained chiefly as a by-product in the. 
mining of coal. * 

Indiana: the same remark to be made as in the preceding 
case. • 

Massachusetts^ 1909 produced less than in 1908. The 
principal old iruie, at Charlemont in Davis County, caved in 
during the year, but a new shaft was sunk. Another mine, at 
Mount Peak, was not working in 1911. , 

Ohio: the production of pyrites from coal increased in 
quantity and value. 


Pennsylvania produced a liftle pyrites in 1909 in MercCr 
County. So did Wisconsin. ... * 

• Lktel (7 \S. Geo/. Survey Bn//., No. 213, p. 62) describes a 
new occurrence of pyrites, the Chc^atce lode, in Lumpkin 
County, Gainsville, Ga., ,30 ft. thick,*and proved for 250 ft. 
Composition : 43.52 per cent. S, 3970 Fe, 3-09 Cu, 072 Zn, 2-53 
Al, 0 43 MgO, no As, 9-26 sand, etc., 0 36 moisture. 

fhc absence o^arsenic in most American pyrites (as far as 
it is now worked) is a remarkable feature. 

K. I\ Stahl (Z. angezv. than., 1893, p. 54' quotes analyses 
M American pyrites. No. 1 is from Tjdlapoos ? a Miife, Qporgia, 
t«S2; No. 2 from K,oger|“lVfime, Paulding County, Dall'as, Ga.; 
o. 3 rom Sulphur Mines Co.of Virginia, jLqj.iis2 County, 1884 ; 
4 > Ieiu Zinc Co., La Sa^Jt, Ill. ;* No. *5,ffom Dodgevilla, 
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Wis. ;"No r 6, from the sfcnre mine* as No. 3, r891 ; No. 7, Davis 
Sulphur Ore Co., Franklin County, Mass., 1891. 


' t 

< «■ 

1 . 


3. 

4. 


0. 

7. 

Water 

r 


2-9 



i*3 

o-8 

Sulphur . 

45*i 

37-6 

3M 

50-2 

43-7 

40-6 

42-4 

Iron . 

_ •• 


4i*5 

. 


37-3 

35 ’4 

Copper 

3-i 

5*2 

o-6 • 



1*0 

1-4 

Zinc . 

3-o 

4-5 

0.8 



i-9 

5-5 

? 

Cadmium . 

0*1 

0-01 

? 



? 

( Insoluble . 

•2-9 

9-5 

I4‘? 


1-4 

10.5 

5-r 

Arsenic 

* 

? 

• ? 

• 

0*02 

• 

trace 

Ir.ice 










■' We quote from the volumes of Mineral Industry and the 
U.S. Geological Survey the production, imports, and consump¬ 
tion of pyrites ^not containing more than 3-5 per cent. Cu) in 
the United States, not counting the auriferous pyrites used for 
the manufacture of sulphuric acid in Canada, expressed in long 
'ions of 22qo^bs.:— 

• _ _ . _ __ __ _ _ * 


Year t 

Production. 

Imi„jrt.ttn9h. 

Consumption. 

1891 

100,319 

130,000 * 

239,319 

1892 

106,250 

210,000 

316,250 

1893 

95,000 

194,000 

289,000 

1894 

107,462 

146,023 

253.485 

1895 

• 81,000 

190,436 

271,436 

1896 

109,282 • 

199,678 

308,960 

1897 

133,368 

259,546 

392,9H 

! I898 

191,160 

171,879 

363,039 

1899 

17.8,408 

310,008 

488,416 

1900 V 

201,317 

329,449 

530,766 

1 1901 

• 294,825. 

403,706 

638,531 

1902 

207,874 

.440,363 


1903 

233,137 

•420,410 


1904 

*252,090 

422,720 

190,224* 

1905 

253,040 

5 1 1,946 

230.376* 

1906 

261,422 

598*078 

269,135* 

1907 

247,387 

627,985 

282,593* 

1908 

222,598 

668,118 

300,653* 

1909 

210,000 

688,843 


1910 

238,151 

803,551 



« 

m .. .. , . 

- - - 


* Thu limres lor II* pinto, ion on,, o aiflSe ll>%> o'enote, not the weight of the pyrites 
itself, but that of Uiotulphut contained therejji. # » # 

• * • * 


We‘may take it that, roughly* speaking, about ’half of the 
sulphuric acid*produced in the.United States is made from 
brimstone, and ljajf^roin pyrites,*^ Most of the American pyrites, 
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including the Newfoundland ere, is granular and mpre’fit for 
fines’ burners than for lump burners. * 

In Canada there are two mines: the Albert mine and the 
Crown mine. They supplied the first pyrites used 'in the United 
States for making oil of vitriol. Sulphur 400 per cent., iron 
35-0, copper 4 0, silica 200. Output: * 


1 Syr. 60,474 tons, 
1892. 53,372 „ 
1S93. 52,270 „ 

1894. 36,185 „ 

1 S95. 30,534 „ 


1896. 'Jo, [03 tons. 
i8 97 - 34,471 „ 
1,898. 24,721 „ 

lS 99- 35.7*42 „ 


The exportation of pyrites from Canada in [909 was 57,038 

tons. . 

• | 

In Newfoundland, on Piney’s Island, there is a very lar^e 
bed of pyrites, accessible by a shaft 60 ft. deyp.* The bed is 72 
ft. wide, and 28 ft. of it contains 3 or 4 per cent, copper. This 
ore is very easy*to roast # ; an analysis.of the non-cupreous ore 
showed Cuo-07, S 51-16, Fe 48-35, SiO., o-15, CaO 0*22, As o-02 ‘; 
no Sb, Pb, Zn,*Bi {Eng. and Alin, f., 1892, p. 467). 

In South Australia pyrites is found with 48-7 p<?r cent. S and 
2-8 per cent. Cu (Mono, Moult. Saint., 1S67, p. 41 1). 

In North Borneo pyrites has been found, containing 45-48 
per cent. S, 37-34 per cent. Fe, 5-62 per cent. Cu, 7 gr. Au, and 
1 oz. 22 gr. Ag per cwt. {Chan. Zcit., 1909, p 82). 

The Worlds production of iton-pyrites (in tons) is stated 
in the various volumes of Mineral Resources of the United 
States, from official sources, (f cannot .explain the difference 
between these and the other “ official ” figiyes gften in various 
places s/fra.) See Tables, pp. 86-88. 

According to Quincke (Z. angew. Chau., 1909, p. 2029) the 
consumption of pyrites in that year waiabout one million tons in 
Germany, 800,000 tons in Great Britain, 800,000 tons in the 
United States, and 700,000 tons in France. 

The 'price of pyrites in the English trade is always so much 
or each per cent of sulphur per ton, called a “unit,” and has 
-ome down from nearjy i»pef unit, in the years from i860 to 
8/0, to something like 3 <f. since about 1885,-and 4 d. to 4 .)d. in 
. .'. C0 PP er . above »a certain* minimum uercentage a 

6 .Th= burnt (tinder,). ifZn. 

eous.arc given back to thu'seller.or resnaip the property pf 
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* For Portugal the output for 1S95 and 1S96 is roughly estimated. For this country only pyrites with less than 1 per cent, copper is included. For 
190S only cupreous iron pyrites is given., 

t For Spain the cupreous pyntes, from which copper is extracted, is not included. Cf, p. 79. 
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Composition of the }Vorid’s Pyrites. 
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the buyer, as may be agreed, Cupreous cinders are.eitfler sent 
to a copper work, or the copper is extracted by’the buyer, dnd 

the ferric oxide remaining sold to iron works.* 

* • 

Carriage of Pyrites. 

* 

Pyrites, whether lumps or smalls, is always carried in bulk, 
both by sea and in railway cars. Mastbaum {Chem. Zeit., 1912^ 
p. 30; Chan. TradeJ., 1 . p. 358) reports a case where a steamer 
was damaged by its cargo <}f pyrites, whicl) must have con¬ 
tained too much water, getting into a pfosty state, and shifting 
about with the movements of the steamer. In several*places a 
strong acid liquid had collected. 

• • 

Proportional Value of Poor and Rich . Pyrites 

* • 

It is no matter of surprise that tin; rich and at the same 
time well-burning Spanish ores, and those ores similar to them 
elsewhere, where they could be imported, have eleven the posr 
ores out of the field. An ore of 33 per cent., like that .from 
Wicklow, even for the same weight of sulphur, Jias much less 
value than a 45-per-cent. ore. 1 he wages for breaking and 
burning the ore in both cases must be ruled by the gross weight 
of the ore, and consequently for equal weights of sulphur come” 
to much more with poor than with rich pyrites ; moreover, under 
conditions otherwise equal, the unburnt sutphur in the cinders is 
the same by weight. If, for instance, 5 per cent, of sulphur are 
left in the cinders, this amounts with 35-per-ccnt. ore to = j • 
with 45-pcr-cent. ore to only ,V=J ; the proportion to be”kept 
m view is accordingly not 35 145=} 19, but 30:40=3:4. 
Furthermore, the same hdlds good of cost of plant and repairs 
and of wages, and, lastly, since the £oor ores generally contain 
no copper, also of the cost of removing the cinders. 

Therefore, unless the burning is nothing but a preparation 
for the. metallurgical treatment, where the sulphur is quite of 
secondary importance, the ores poor in sulphur are always * 
avoided as much as posable.- 
• • 

Ayatysis of Pyrites. 

. In the analysis of jfyritej for technical purposes, in the first 
instance the percentage of sulphur is-taken in Jo account; ancj it 
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is theriforg mostly the« custom ,to sstimate only this and, 
perhaps, also the moisture. If the ore has afterwards to yield 
copper, this must <of course also be considered ; but where the 
copper, As is mostly the case, is not bought by the vitriol-maker, 
but the cinders are returned to the seller, the estimation of 
copper is generally Emitted in the chemical works as unneces¬ 
sary. This restriction to the estimation of sulphur ought, how- 
'ever, only to take place with pyrites from well-known localities, 
whose general composition and properties are well known, and 
where the salient 'poinj is only the percentage of the most im¬ 
portant constituent, viz.' the sulphur. Each cargo, even each 
portion of a cargo going to a separate buyer, is sampled in the 
presence of both the buyer’s and seller’s agents, according to 
well-understood rules; the sample is broken up, reduced, and 
sealed up in bottles, which ate sent to an analytical chemist 
(generally mentioned iu the contract note); this chemist's certi¬ 
ficate rules the price to b„c paid for the pyrites* down to j per 
eftnt. If, for Instance, a sale has been made at 6 < 1 . per “unit,” 
this means that for each per cent, of sulphur fouftd the sum of 
6d. per ton is paid ; thus for 48] per cent, eff sulphur 48] x6d. = 
24s. ijd. per ton. The ton is generally calculated = 21 cwt.; 
that is to say, the buyer receives an allowance in weight of 5 
1 per cent. 

The first treatment of the pyrites in analyses, in the majority 
of cases, is by the kv? way, by fpming nitric acid or aqua regia; 
but the prescriptions differ in details. The decomposition was 
formerly frequently made, according to Fresenius’s prescription, 
by means of fcd fueling nitric acid, which it is sometimes 
difficult to obtain free from sulphuric acid, and which i ( s 
unpleasant to handle. In lieu of this, sometimes chlorate of 
potash together with hydrochloric acid, or, still better, with nitric 
acid of 1-36 sp. gr. have been used. 1 have always found the 
best, safest, and cheapest way to employ aqua regia, made from 
I part of fuming hydrochloric acid and 3 or 4 parts of nitric 
acid of 1 -36 to 1-4 sp. gr., and this mixture is now used in most 
places.. The mineral is converted into aq impalpable powder 
and passed thrqpgk the finest silk ^aut-c; flic triturating ought 
to be done firjt in a steel mortar or ky»wrap^ing it up in paper 
and smashing with a hammer, and jthen^n an agate mortar, not 
in,a porcelain or § VVer!gwaod mdrtar. The powder is treated 
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with about 50 parts of #qua ( regia; i£no reaction takes place at 
once, it should be gently heated on a water-batl! till the reaction 
sets in ; but then the beaker should be removed instantly from 
the water-bath, and only replaced when'’ the rcactionvslackens ; 
thus the decomposition is generally complete in ten minutes. 
The operation should be performed in S large beaker, or, still 
better, in an Krlenmcycr flask covered a funnel or a watch- 
glass, lest any loss should take place by spurting ; and the work 
must be done under a draught-hood, on account of the mass of 
acid vapours given off. If the decomposition should not. be 
perfect after heating some time, somemore aqsa regia is added 
and the heating continued ; but mostly this will be caused by 
the powder not being sufficiently fine, and the analysis in. this 
case cannof easily be finished. In {his way of decomposing the 
ore, which is both quick and safe, the disagreeable separation of 
sulphur happens very rarely. If it do<;s,t 1 ie sulphur is oxidjsed 
by cautiouslynadding a little chlorate of potash. 

The residue from the solution will containrsilica and sili¬ 
cates, perhaps a little lead or barium, both as sulphates. 
Although their sfllphur is thus not estimated, no harm is 
done, as it is anyhow valueless to the manufacturer. Lead 
sulphate is prefty soluble in concentrated acids, but it is almost' 
entirely precipitated again by the immediately following 
treatment. 

At all events the whole of the nitric acid present must be 
destroyed or removed, because the estimation of sulphuric acid 
by barium chloride in the pnSscnce of nitric acid or its salts gives 
results much in excess of the truth. The vfliolc is therefore 
evaporated to dryness on the water-bath 1 with an exe’ess of 
hydrochloric acid, by which at the same time all silicic acid 
dissolved is made insoluble. Thejpass is again moistened with 
strong hydrochloric acid; and if on gently heating no yellow 
vapour and no smell of nitrous products arc perceived, it is 
diluted with hpt water and the solution filtered from the residue. 
Care must be t*aken not to employ too much hydrochloric acid* 
as barium sulphate is sot quite insoluble? in hot concentrated 
acids; on thti oth£r hafid,'enough acid must .present to dis- 

, • * 

1 The last evapjuatiorfnfty be hastened by employing a* sand-bath or 

asbestos cardboard, takmg car£ to remove the vessel at the moment when 
the mass has become dry. 
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solve all salts of iron, whic|p cannot dcgibtful if the colour and 
behaviour of the*residue are observed. 

Some chemists prefer to the aqua regia above described a 
solution t>f brominfi 'n hydrochloric acid ; but 1 have not 
found this to answer very well. Drown (Chew. News, xliii. p. 
89) heats the pyrites frith a solution of caustic soda or sp. gr. 
1-25, adds cautiously bromine in excess, acidulates with hydro¬ 
chloric acid, and evaporates to dryness. 

Noaillon (Z. augezv. Chew ., 7897, p. 351) employs a mixture 
of §odium chlorate find nitric acid for decomposing the pyrites, 
in order 4 o avoid loss of sulphuric acid when drying the 
resulting mass. (Such a loss never occurs when working 
according to my prescription.) 

Where the utmost accuracy is not desired the solution may 
now be at once treated with barium chloride, as follows:— 

(The clear solution (s brought to full boiling; and to it 
during boiling a hot solution of barium chloride is slowly 
added. Lest too great an excess of this be used, it is preferable 
to use«a measured quantity of a concentrated solution of known 
strength, but more than sufficient for precipitating all the 
sulphuric acid present. It is best to pour the hot solution of 
'barium chloride rather slowly into the boiling solution of 
Stilphate, with constant stirring, but it is quite unnecessary to 
do this drop by drop as prescribed by Gladding (( hem. Nezvs, 
lxxx p. 1S1); cf. Lunge, /-■ angew. Chew ., 1895, p. 69, and /. 
/liner. Chew. Soe., March 1895. If the process is carried out 
as described here, the barium sulphate settles down completely 
in a few second.^ leaving a perfectly clear liquid, and nothing 
of the’ precipitate passes through the filter. It is quite unneces¬ 
sary to allow a long time for the settling. If the operation is 
carried on as described, the filtrate never becomes cloudy 
afterwards ; on the other hand, the work is greatly expedited 
by filtering the liquid in*the boiling-hot state, say fifteen or 
twenty minutes after precipitation. A Bunsen's filter-pump acts 
’rather too strongly in this case; but it is very useful to employ 
a simplg contrivancfc indicated many* years ago by Piccard 
which does excellent service in ofher* analytical operations, 
viz., a glassitube attached t <5 the funnel Jay means of an elastic 
joint, with * loop pausing a continuous jA oHiquid to issue at 
the bottom (Fig. CJ. The straight part below the loop may 
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be 8 or io in. long; •the filter nuwt be pressed tightly to 
the siejes of the funnel to prevent any air being sucked' in. 
When this contrivance is used, which does not act so violently 


as a Bunsen pump, the liquid, so long as' there 
is not too much precipitate in the filler, runs 
through in a continuous jet. r ' 

At first only the clear liquid is pouredoff as 
completely as possible from the dense granular 
precipitate; this is covered with boiling water, 
acidulated with a few # drops of hydrochloric 
acid ; the liquid is boiled for a few fnoments* 
and can be decanted in about two minutes’ time. 
This operation is again repeated twice or three 
times, but without adding any more hydro¬ 
chloric acid ; the precipitate is' washed on to 
the filter, and after very little washing the 
filtrate will be* found perfectly neutral and free 
from dissolved matters. The filter is dried, the * 
precipitate fliken out, and the filter burnt, 
preferably in a platinum crucible laid on its * 
side; then the precipitate is put in and ignited, 
not too strongfy: and for each too parts of 
barium sulphate found 1,573 parts of sulphur 
are calculated. The ignited barium sulphate 
must not cake together; oy moistening, it 
should not give an alkaline reaction ; and on 
heating with dilute hydrochlcfric acid anti filter¬ 
ing, no barium salt ought to be fomyl ,in the 
solution. 

It generally happens, even if the solution 
before precipitation was rather strongly acid, 
that the precipitate is stained yellowish by pre- 



Fig. 6 . 


cipitated ferric oxide or basic ferric'sulphate, 
which*cannot be removed even by boiling with dilute hydro¬ 
chloric acid. 

Although this jjrove.* the presence of a foreign substance 
in the barium sulphate* wTu'ch ought to fliakc >he result too 
high, yef it is found in«pmcticc that the results jire always too 
low. The cause of 4 his apparent anomaly «has been studied 
by Jannasch and Richards^ J. prakt. Clu 'w..[ 2 ], xxxiv. p. 3,21) 
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who found that in the presence of /ron h. barium-ferric sulphate 
is precipitated, which on ignition slowly loses a portion of its 
sulphuric acid. If the ignition is carried on very persistently, 
the error thus produced may amount to a full per cent, of 
sulphur or' upw ards; but I have shown, in the paper quoted 
below, that with the ordinary mode of ignition it does not 
exceed 018 per cent.; hence the above-described method is 
always available where perfect accuracy is not required, and a 
speedy completion of the test is a consideration. Westmoreland 
(/. Soc. Chan. Ind., 1887, p. 84) even contends that its results 
entirely "agree "with those obtained by my new method (an 
opinion to which I must demur). 

Where, however, the greatest possible accuracy jmd freedom., 
from error is required (and this is the case when testing an 
average sample of pyrites representing a whole cargo, or a 
large portion of such), it is necessary to remove the disturbing 
influence of the iron. This can be done in two different ways, 
by the dry aiftl by thq r ret method. The dry method is that 
recorffmended by Presenilis (Z. anal. Chan., xvi.'p. 335). lie 
prescribes decomposing the pyrites by fluxing it with 20 parts 
of a mixture of 2 parts of dry sodium carbonate entirely free 
from sulphate, and 1 part of potassium nitrate, passing 
carbonic acid into the solution for the precipitation of lead, 
boiling the residue wjth a solution of sodium carbonate and 
then with water, acidulating • with hydrochloric acid, and 
repeatedly evaporating for the expulsion of nitric acid, after 
which the process is carried on as usual, the precipitation 
taking place by' i bariu(n chloride. This process is much more 
troublesome and tedious than that to l;e described below, which 
employs the wet methpd. ^Another objection to it is that it 
estimates not merely the sulphur of the iron and copper sulphides, 
but also that of galena and of barium sulphate, which are 
entirely useless to the manufacturer of sulphuric acid {cf my 
# experiments on the action of nitric acid oi\* lead sufphate, 
J. Soc. Chan. Ind. y 1887, p. 96). Moreover, the platinum 
cruciblou are strongly acted upon, aftd cujl-gas cannot very 
well be employed in* the operation of decomposing the pyrites, 
as its sulphur .would cause an error *irf the test. Hence it is 
advisable to use spirjt-lamps of a s^reciat shape, calculated to 
yield the necessary, heat. ‘[The \sc of spirit-lamps can be. 
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practically avoided by [Macing the crusible in a rounjl hCle made 
in a piece of asbestos cardboard, in which case*the products of 
the combustion of coal-gas are carried off sideways.] 

Jenc (Chem. Zcit ., 1905, p. 362) considers, especially for 
testing the sulphur in burnt ore, the dry method oT Fresenius 
to be far more accurate than the wet treatment with aqua regia. 

Gottlieb (tlid, p. 688) states that tjiis ^applies only to cinders 
from ores containing a notable quantity of barium sulphate* 
On the whole he prefers the dry method also for ordinary 
cinders. 

• • # 

Jarvincn (Ann. Acad. Scicnt. Fatnicae , Series A, vol. ii. 
No. 4) recommends the very slow addition of barium chloride 
(long ago prescribed by Lunge). He also describes a form of 
the well-known method of titrating the sulphuric acid by 
benzidine (ibid., No. 16). • « 

Hayes (American Chemist , v. p. 271)describes a method.of 
decomposing pyrites with alcoholic soda and lime, the advantages 
of which are in no way evident. • * 

l'ahlberg*and lies (lier., xi. p. 1187) recommend (luxii/Jj the 
sulphur-ore with calistic potash (25 g. to 01 g. of S) in a silver 
crucible for fifteen to twenty minutes, lixiviating the mass, 
oxidising the lower oxides of sulphur by bromine-water, and 
precipitating by barium chloride. * 

Clark (/. Soc. Chem. hid., 18,85, P- 329) beats the pyrites with 
a mixture of sodium carbonate and magnesia to a dark red 
heat; the resulting mass is lixiviated with water whilst 
passing in carbonic acid, and* the sulphuric acid estimated in 
the usual way. J. Pattison (ibid., p. 724} sjiows iliat this method 
£ivcs exactly the same result as mine (of course, only in cases 
where barium sulphate and galena are absent, which militates 
against Clark’s process). J 

Lunge's Method.— -Looking at the great desirability of re¬ 
taining the decomposition of pyrites *in the met way, I have 
worked out a method for doing so without incurring the error 
caused by the presence of iron. Thjp method was first described ' 
1,1 ^ lc ana l Client^, 1880, p. 419, and has teen very generally 
accepted for the assaying of pyrites, between buyer and seller. 
Gbjcctioils made to the tccuracy o’f that process byjannasch ■ 
ant Richards (J. pnfkt. Client. [2], xxxix. p, 321) have been 
wit drawn by them (ibid., xL'p. 326), and ha\e been completely 
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refuted "by _experiments„madc in myi laboratory by two in¬ 
dependent investigators (Z. angew. Chan., 1889, p. 473)^ The 
process, as it will-now be described, may hence be regarded 
as the most accurate'known for the estimation of sulphur in 
pyrites, where it is desirable not to include galena and heavy- 
spar, and it is at the same time very easy and speedy of 
execution, if the following directions are accurately observed. 
' About 0-5 g of pyrites is heated with about ioc.c. of a mixture 
of 3 vols. nitric acid (sp. gr. 1-4) and 1 vol. strong hydrochloric 
ac^d, both ascertained to be absolutely free from sulphuric acid. 
The operation: is performed as described above, in such 
manner that no loss by spurting takes place. The mixture 
is heated up now and then, till the decomposition is complete, 
and is then evaporated to'dryness in a water-bath. Now add 
5 c.c. hydrochloric acid, evaporate once more (no nitrous fumes 
ought to escape now), a/ld 1 cc. concentrated hydrochloric acid 
and 100 c.c. hot water ; pass through a small filter and wash 
with hot water. The insoluble icsidue may be dried, ignited, 
and weighed. It may contain, besides silicic acid and silicates, 
the sulphates ef barium, lead, and even calcium, whose sulphur, 
as being useless, is purposely neglected. (II this residue is not 
to be estimated, it need not be filtered off, aiid the next step, 
'the elimination of the iron, may be taken without removing the 
silica, etc.) The filtrate and washings are saturated with 
ammonia, avoiding a very large excess of it; the mixture is 
kept at a moderately warm temperature for about ten minutes 
(at. the expiration of which time it ought still to smell of 
ammonia very distinctly, not merely faintly), and the precipi¬ 
tated ferric hydrate is filtered off while the liquid is still hot. 
For this purpose funnels must be used, made at an angle ot 
exactly 60 , whose tube is qot too wide and is completely filled 
by the liquid running through ; or else a Piccard’s tube (cf 
above, p. 92), or a filter-pump is employed. The filtering-paper 
must be sufficiently dense, but should act rapidly ; the filler 
must be adapted to the funnel so that no air-channel is left 
betwee.n paper and ‘glass. The hot liquid is first decanted from 
the ferric hydrate* and the lattef is‘then washed on to the 
filter with> boiling water. The washing is continued with hot 
water in such manner that each time the whole precipitate is 
tho/oughly churned up and no '.channels are formed in the 
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mass. When acting on iiese, instructions, the whole; oj^ration 
can be performed in from half to one hour, and no trace’of 
sulphuric acid is retained in the precipitate. The total bulk of 
the filtrate and washings need not exceed‘job or 250 ex', which 
saves concentrating the liquid by evaporation. The end of 
the washing is indicated by the fact tlfat 1 c.c,, on adding 
barium chloride, shows no opalescence pvcn.aftcr a few minutes. 
(It is, however, best in important cases to test the iron precipi¬ 
tate for sulphur by drying it, detaching it as well as possible 
from the filter, fluxing with pure sodium carbonate, dissolving 
in hot water, acidulating and adding Bad.,.) • » 

The clear liquid, which now contains all the sulphuric acid 
combined with ammonia, is acidulated with pure hydrochloric 
acid in very slight excess, heated to boiling, the burner removed, 
and 20 c.c. of a ro-per-cent. solution’of barium chloride, pre¬ 
viously heated, is slowly poured in. .This quantity, whicji 
suffices in any cSise for (>5 g. pyrites, is roughly measured off in 
a test-tube provided with a mark, and ij heated *in the samh 
tube. After jfl-ecipitation, the liquid is left to stand for half an 
hour, when the precipitate should be completely settled. The 
clear portion is now decanted, and the washing continued by 
decantation with boiling water, as mentioned on p. 93, where 
the mode of igniting the precipitate is also described. The 
ignited precipitate should be a perfectly white and loose powder, 

1 part of which is equal to 01373 sulphur. * 

1 he accuracy of this method and its complete accordance 
(in the case of pure ores) with the fusion method of Frescnius 
have been proved by Pattinson (/. Soc. Qhem. Inti., 1890, p. 21), 
who points out how much ipore convenient is the former than 
the latter. Lunge {Z. angew. Chcm., 1905, p. 1656) and Lunge 
and Stierlin {ibid., p. 1921) have again confirmed it. Cf. also 
Lunge {ibid., 1906, p. 1854). 

Luster and Ihiel [Z. auorg. Chcn/.,\\x. p. 97) erroneously 
assume “that the.ferric hydrate cannot easily be washed by my 
method so as to remove all sulpl^te (which is refuted by 
lun reds of students, who Jiave carried out this method in my 
a oratory, and*thousands*of chemists elsewhere}. .They there- 
ore propoffe to precipitate the barium'sulphate without filtering 
0 t ic ferric hydrate af!d to .remove the latter subsequently by 
severa hours digestion with' hydrochloric jcid; or else to 

U 
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prevent tin* precipitation- of ferriq saltfe along with the barium 
sulphate by the addition of a large quantity of ammonium 
oxalate. Both methods take much more time than mine, 
without" any gain'iif accuracy, as I have shown in Z. anorg. 
Chan., ix/454, and again, xxi. p. 194. This is confirmed by 
Herting ( Z. angew. than , 189(4,4). 2 74 )- 

According to Ilcideijrcich (. Z. anorg. Chau , xx. p. 233) the 
'contamination of barium sulphate by iron salts can be avoided 
by reducing the ferric sulphate to ferrous sulphate by means of 
zinc and preventing t,hc excess of air and light during the 
precipitation. "Herting'and Lchnardt [Chau. Zcit., 1899, No. 
75) effect the same purpose much more quickly by employing 
stannous chloride in lieu of zinc. Gyzander [Chau. Naurs, 1906, 
xciii. p. 213) employs hydroxylamine for the same purpose. 

Noaillon (Z. angew. (‘/tail, 1897, p. 351) proposes to avoid 
the filtration of the ferric hydrate by diluting the liquid to a 
certain mark, filtering, and employing a portion of the filtrate 
fbr the precipitation with barium chloride; but this method 
introduces more than one error and must be rejetted. 

Johnston 'and Adams (/. Amcr. Chat 1 . Soc., 1911, pp. 824 
cl sag) discuss in great detail the occlusion of foreign salts in the 
barium sulphate precipitate, and describe their method for an 
’ exact estimation of sulphates, which is of no special interest in 
our case. 

Sodium peroxide is propose^ for the decomposition of pyrites 
by Hempcl, Hohnel [Arch. I harm., 1894, p. 222), and Glaser 
[Chan. Zcit., 1894,9. 1448). P 

In lieu of 'the estimation of sulphuric acid by weight, some 
chetnists prefer titration by means ,of a standard solution of 
barium chloride. This was first proposed by Wildcnstein 
[Z. anal. Chan., i. p. 433J, and afterwards, especially for the 
analysis of pyrites, by Teschemachcr and Smith [Chan. News, 
xxiv. pp. 61, 66; if. alst) Glcndinning and Edger, ibid., p. 140). 
Although this process, notwithstanding some assertions to the 
contrary, is most certainly no more accurate than the gravi¬ 
metric process, anc! in most hands is less .40, and is not used by 
many chemists, in* important case's, \te sh*all take this oppor¬ 
tunity of describing the ‘estimatior* ®f sulphates by titration 
with barium chloride in its simplest fcSVm, such as is used at 
some works in testing'blaek-ash,'etc.; it is also used sometimes 
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in testing pyrites, blendl*, bijrnt-orc, etc., for purposes where no 
.treat accuracy is required. 

b The liquid is brought to the boil ^in^'a porcelain dish, 
barium-chloride solution is added from a burette ; from time to 
time a few drops are taken out with a glass tube, passed 
through a miniature filter on ty a glass pla*tc resting on a black 
background, upon which a number of chops both of dilute 
sulphuric acid and of barium chloride have been put. If the 
filtrate still gives a cloudiness with a barium-chloride drop, 
easily visible on the blacjc ground, the little filter is thrown back 
into the dish, more barium-chloride solution is added from the 
burette, another test is made, and so forth. The end is attained 
when a filtered drop gives an extrerpely slight cloudiness both 
with a drop of barium chloride and with otic qf 
sulphuric acid. The work is very much expe¬ 
dited by the following contrivance, proposed by 
Wikicnstein artd shown, in Fig. 7. The acidu¬ 
lated solution is poured into a vessel, A* made 
of a bottle by removing the bottom, or a small 
tubulated jar, through whose cork passes a bent 
tube, B, provided at the lower end with a pinch- 
cock, /, at the upper end with a bent-down 
funnel, f. The latter (which must be bell- 
shaped) is closed by two disks of filtering-paper k, g . 7. 

and a piece of linen gauze tie*l over all; and 
tlie liquid must cover the whole tube. This arrangement per¬ 
mits of withdrawing at will small filtefed saipples of a few 
drops each, which are run into a test-tube and tried with a 
^rop of barium-chloride solution. It must, of course, not be 
omitted first to run a few cubic centimetres out of the tube B 
and back into the jar A before taking the sample for testing; 
and tlie contents of the test-tube must be always put back 
into A, not to waste too much substance. If by accident the 
point 6f finishing the reaction has been overstepped, one or 
more cubic centimetres of titrated ;*ilphuric,acid arc put in and 
are afterwards deducted from the result. . ' 

C. and J. Beringer effect the tit/ation by friariuiruchloride 
after addition of spdiunf ifeetate and acetic acid•( 67 /m. News , 
Hx. p. 41). * . ^ . • * 

Various other volumetric methods for the estimation* of 
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sulphates, by Cjtrl Mohr, Ad. Clemiyt, WMdenstein (2nd method), 
Schwarz, and Pappenheim, are described in the treatises of 
Fresenius and Mohr; but they are more complicated and not 
more accurate than the direct titration with barium chloride as 
just described. We therefore mention only one method of this 
kind. This is the method proposed by Wilsing {Chan. Ind., 
3886, p. 25), a slight'but apparently useful modification of those 
just mentioned.. lie precipitates a neutral solution of the 
sulphate or solution containing such, boiling in a porcelain dish, 
with a 4-per-cent, barium-chloride solution of known strength ; 
he then'adds a few drops of an alcoholic solution of phenol- 
phthalein and a 2-per-cent, solution of sodium carbonate: as 
soon as the last part of barium chloride has been precipitated 
as carbonate the colour turns red, so that the soda used is a 
ineasuie for the sulphate originally present. If the solution to 
be< tested is either acid or alkaline, it must be made neutral by 
sodium carbonate or hydrochloric acid v phenoljAithalein being 
used as indicator here as well. 

L". W. Andrews {Aim r. Chan /., 1889, p. 5 6 J, and Client. 
Ze.it. Rep., 1P89, p. 39) proposes the following method for 
estimating sulphuric acid combined with bases:—The solution 
is diluted till it contains no more than 2 per cent. SO s , is almost 
neutralised and brought to a boiling heat. Now a solution of 
pure barium chromate in hydrochloric acid is added, and then 
ammonia, the excess of which is removed by boiling. The 
solution is filtered while hot and is washed at once. Now a 
quantity of chromic acid, equivalent to the sulphuric acid 
originally present, will ,be in solution; this is estimated by 
adding potassium iodide and strong hydrochloric acid, and 
titrating with decinormal thiosulphate solution (1 c.c. = 12-85 m g- 
1 = 2-662 mg. SO.,). It is claimed that this operation is more 
quickly performed than the gravimetric process, and is at least 
as accurate ; but both of these assertions arc doubtful. 

Similar methods are described by Reuter {Chan. Zeil., 1898, 
p. 357) and Marboutin an; 1 Moulinie {Chau. Centr., 1898, i, 

p. 2i8> c 

Several method’s have been proposed for estimating the 
available 'sulphur of sulphur-ores—that is, that portion of it 
which passes into the chambers in the shape of S 0 2 and S 0 3 . 
Thus W. G. Mixtiy [.Amcr.'Chem.J ., ii. p. 396) burns the pyrites 
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in a current of oxygen! and, passes the vapoury into loromine- 
water .containing some hydrochloric acid and an excess of 
bromine. A similar process is recommenced by Zulkowsky 
(Wagner's Jahrcsber ., i8Sj, p. [Co), both fpr testing pyrites and 
spent oxides of gas-works. The latter is always contaminated 
with sawdust, tarry matters,,and variable quantities of lime, 
which retains part of the sulphur in burning,'•whence an estimation 
of the total sulphur is quite useless for practical purposes. The 
process takes place in a combustion tube (Fig. 8), 2 ft. long, 
narrowed at <t, and drajvn out at the end into a long tube, not 
too thin, and bent downwards. Between a nfid b there is a 
laver of platinised asbestos (see below), 8 to 10 in. long, and 
at a distance of 3 or 4 in. from this ,4 porcelain boat with about 



Fig. 8. 


0-4 g. of spent oxide or pyrites. The end of the tube at k is 
connected with an oxygen ga8-hoIder. .The absorption of the 
vapours takes place in the two 3-bulb tubes*' and tl (5J in. 
high) and the tube e, fillpd with glass-wool. The absorbing- 
liquid is made by dissolving 180 g. caustic potash (purified with 
alcohol from sulphate) in water, adding 100 g. bromine, taking 
care to keep the mixture cool, and diluting to 1000 c.c. Thirty 
c.c. of this suffice for estimating 05 *g. sulphur. The tube c 
ought also to he moistened with it. First heat the portion of 
the tube between a and b, passingjnoist oxygen through it at 
the same time; thep he?it the boat from the right to tlje left; 
lastly the tubfc, up fo the! place f. The current of.gas must be 
much strftnger than fo» an organic* analysis, leijt any sulphur 
should escape unburirt, but.not strong cnough.to draw off any 
SO.j unabsorbed. So long as."any dew appear^ at //, it must,be 
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driven into, the receiver with a ^uniten burner. When this 
ceaSes (usually in about an hour), the experiment is finished. 
The receivers are? then taken off, washed out, and the acid 
remaining in h is recovered by aspirating water several times 
through it.' All the liquids are united, supersaturated with 
hydrochloric acid in'order to decompose the potassium hypo- 
bromite, heated, concentrated if necessary, and the sulphuric 
acid is precipitated by barium chloride in the usual manner (or, 
more conveniently, the receivers are charged with hydrogen 
peroxide, free from sulphuric acid] and are retitrated after the 
end of the operation. 

Dennstcdt and Hassler (Z. augnv. Chein., 1906, p. 1668) 
employ a similar method. Some remarks upon this are made 
by Lunge (ibid, p. 1854). lleczko {Z. anal. Chau., i. 748) 
obtained good results with it: 

. Nitchie (/. Soc. Chan, hid., 1912,;). 30) employs a similar 
process for the estimation of sulphur in roasted blende. 

Jannasch \]. prakt. Chan. [2], xl. p. 237) heats pyrites in a 
mixture of air or oxygen and nitric-acid vapours; the vapours 
of SO., and SO 3 are absorbed in bromine-water. [It must not 
be forgotten that in the presence of nitric acid the barium 
sulphate is never free from nitrate, and that hence all nitric acid 
must be removed previously. I would, therefore, propose to use 
in that class of processes hydrogen peroxide as an absorbent, 
which is very efficient and requires no special precautions; in 
this case the acids absorbed can be estimated by titration with 
the standard alkali.] 

Granger {D'ingl. polyt. J ccxli. p. 53; Fischer's Jahresber., 
18S1’, p. 161) heats pyrites with reduced metallic iron, decom¬ 
poses the FeS formed by dilute hydrochloric acid, and titrates 
the H a S evolved by passing it into a solution of iodine. This 
method has been again proposed by Treadwell (At/. Her., xxiv. 
p. 1937, and xxiv. p. 23*77) and by Eliasbcrg [Z. anal. Chan., 
1899, p. 240), but it does not seem to be practically employed. 

Expeditions assays oj pyyites have been proposed in many 
ways, but none of |hcm is sufficiently' iccurate to be employed 
for estimating the stilphur in fresh pyrites, and sonic of them are 
not even ftccutate enough for testingothe Sulphur regaining in 
burnt-ore (pyrites ciydcrsy 

.Tile so-called. incehanital pyrites assay of Anthon {Ding/. 



PYRITES 


103 


polyt. /., clxi. p. 115) is tbo rough and,unreliable even for very 
simplejourposes. (Cf 1st ed. of this work, i. p. 108.) 

In the hreibcrg works i g. of finely ground pyrites is mixed 
with 2 g. sodium carbonate and 2 g. saltpetre: the mixture is 
fluxed in a small iron dish in a red-hot muffle-furnact, dissolved 
in hot water and filtered into a beaker in\vhich there is hydro¬ 
chloric acid by saturating the soda in excess. Then the filtrate 
is brought to boiling, and the sulphuric acid estimated by ~S 
standard solution of barium chloride, preferably by Wildenstein’s 
method {supra, p. 98). Lining (Post’s '[cch. them. Analyse, 2nd 
ed. i. p. 677) recommends this method *as a quiclc and -sasymie, 
where no great accuracy is required. 

In the method of Pelouze {Comptes rend., liii. p. 685 ; /Inn. 
Chim. Phys. [3], lxiii. p. 41 5) the finely powdered pyrites is mixed 
with chlorate of potash, common salt, and an exactly weighed 
quantity of sodium carbonate, and ignited, which can be done in 
an iron spoon* The fluxed mass is dissolved in water, filtered, 
the residue is washed, and the soda not converted into sulphate is 
estimated allftdimctrically. This process continued to be recom¬ 
mended in French treatises, although its inaccumcy was estab¬ 
lished and the sources of error partly demonstrated by many 
chemists, such as Rarreswil, Bottomley, liocheroff, Lunge, and 
especially Kolb 1 .Votes sur i'/issai des Pyrites dc her). Kolb' 
found the sources of error on the one hand in the formation of 
sodium silicate, on the other hand in t*he decomposition of 
potassium chlorate in the presence of ferric oxide into chlorine, 
oxygen, and caustic potash. * New experiments made in my 
laboratory by Mr Rey have equally proved thfe method to be 
jvrong, even if the “ constant error ” of 1 to 11 per cent., 
admitted by l’clouzc, is taken into account. A principal objec¬ 
tion is the difficulty of evading the Jncchanical loss by spurting 
in the fluxing process. 

This fault is avoided in the pltfn proposed by Kolb (/. 
Phan ft. Chim. ^4], x. p. 401), which, however, is only intended 
for testing hurm-ore. Kolb mixej 5 or 10 g. of this with 5 g. 
pure sodium carbopatc snd 50 g. of cuprib oxide, hea(s about 
fifteen minutes in an infn capsule to a dark 1 re^ heat, with stir¬ 
ring, lixiviates the melbeclmass, and estimates the uHconsumed 
soda volumetrically. *The trials made in my laboratory showed 
that there is no spurting, buf that the Keating must not be pro- 
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longed 1too ( much, in ordpr to avoid the formation of silicates. 
The Iixiviation of the large bulk of cupric and ferric oxide is 
tedious, and the method is somewhat costly, as it requires 50 g. 
of cuprit oxide for hath test, nor are the results very satisfactory 
(see below). 

A much better ntethod for testing burnt-ore was proposed 
by J. Watson (/. See. Chpu. hid., 1888, p. 305). Two or 3 g. of 
pyrites cinders are mixed with 1 or 2 g. of sodium bicarbonate 
of known titre; the mixture is heated in a nickel, porcelain, or 
platinum crucible'by means of a small Bunsen (lame for five or 
ten miiwtes, stirred up,’ heated once more for fifteen minutes 
with a somewhat stronger flame, treated with hot water, filtered 
andi washed. The solution is titrated with hydrochloric acid and 
methyl-orange; the loss of" titre in comparison with the original 
one is equal to the sulplwte 'formed. The escaping carbonic 
acjd keeps the mass .porous; there is no spurting, and the 
Iixiviation of the small bulk of the mixture is*'easy and ex¬ 
peditious. ' 

Experiments made in my laboratory {Z. dttgnv. Chan., 1892, 
p. 447) showed that Watson’s method yielded results closely 
agreeing with those obtained by accurate gravimetrical methods, 
whilst the method of Pelouze, even with burnt-ore, yielded too 
low results, and that of Kolb was not more reliable. But it 
was found that special precautions, as now described, must be 
observed in order fo yield <;iccurate results. 3-200 g. of 
the finely ground samples are mixed with 2 000 g. sodium 
bicarbonate (of known alkalimcftrical titre), and heated in a 
nickel or iron cfucible ; a platinum crucible easily leads to over¬ 
heating. The heating is continued [or ten or fifteen minutes 
with a very small flame, then another fifteen minutes with a 
strong flame, but without fusing the mass. The crucible must 
be kept covered and the mass must not be stirred ; it should in 
the end be red-hot, and lifter cooling black and porous. It is 
boiled in a porcelain dish with water, adding the same volume 
of neutral solution of sodipm chloride. This is an essential 
improvement, as without this additioncomc.oxide of iron invari¬ 
ably passes through the filter, and makes the following titration 
by methyhora/ige almost impossible* -The filtered solution is 
titrated with standard acid. The difference between the original 
titrf of bicarbon^te_ and that ndw found shows the sulphur, 
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r c.cm. normal acid indicating 0-5 per *ent. S. I;i the presence 
of a soijiewhat considerable quantity of zinc this method does 
not answer. 

It cannot be our purpose in this plac'i to describe'all the 
methods for testing burnt pyrites for sulphur ; we refer in that 
respect to Lunge’s Technical Chemists' handbook (1910), and 
Lunge’s Technical Methods of Chemical Analysis, translated by 
C. A. Keane (1908). “ 

We here only mention, as pot yet found there, a new method 
by Ilohorst {Abstr. Amcr,Chcm. Soc., 19W, p. 2051), founded.#n 
the reduction of the sulphur compounds to H.,!S by mtans of 
A 1 and Fe, and absorbing the II,S in a solution of cadmium 
acetate. , , # 

Magnetic pyrites ( pyrrhotitc ), Fe 7 S s , is sorpetimes present, 
especially in some kinds of American pyrites. As that ore 
yields its sulphur very imperfectly in ordinary pyrites-kilns, its 
estimation may become .important. Cone (/. Amcr. ('hem. Soc., 
xviii. p. 404) effects this by grinding the .ore so that all passes 
through a 60-mesh _sieve (not more finely!), spreading the 
powder on a sheet of glazed paper, applying a magnet to this, 
removing the mechanically adhering pyrites by gently knocking 
the magnet and separately brushing off the pyrrhotitc after 
putting on the anchor. This is repeated five or six times, and * 
the sulphur estimated in the separated portions. 

Mareasite and pyrites can be distinguished by the easier 
decomposition of the former when boiling with a solution of 
ferric salt. This behaviour has been studied in detail by H. N. 
Stokes ( Bulletin U.S. (,eol. Surv., No. i*>6); but it is of no 
ptactical importance for technical analysis. 

hstimatian of other constituents ,of pyrites. —Usually it is 
sufficient to estimate the sulphur in*a pyrites whose nature is 
otherwise known, if, however, the pyrites is of unknown com¬ 
position, its value for acid-making can only be estimated by a 
complete determination of all its constituents according to the 
rules of mineral analysis. If it contains, fey instance, calcium 
carbonate, this^on bufning^tvilj retain its equivalent of sulphuric 
acid cqual # to '032 per cent. S for qach per ctmt* CaLO.,; if 
calcium sulphate is preseift from the first, its sulphuric’acid has 
to be deducted from tfic whole quantity, of.sulphur found. If 
lead has been found, its equivalent of sulphur,must be considered 
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as practically lost; and«the same p's tlfc case with zinc —because 
thfe sulphates of both metals arc hardly or not at all decpmposed 
at the temperatutc of a pyrites burner. In France half of theS 
combined with Zn ^"considered as lost, = 0-245 per cent. S per 
1 per cent. Zn (for copper they reckon 0-505 per cent. S per 1 
per cent. C’u as lost). Frequency arsenic will also have to be 
sought for; and even ,silica may be of importance—firstly, 
because in the presence of much silica “explosive” properties 
of the pyrites must be feared (see p. 80), and secondly, in the 
cp.se of cupreous pyrites, because silica lessens the value of the 
cinders? Kveti silver find gold are sometimes sought for (cf. 
Chan. Nat’s, xxvi. p. 63 ; xxxiv. pp. 94, 132, 152, 172); but it 
cannot be said that the. quantities hitherto found have any 
influence on the commercial value of pyrites. 

Treadwell and Jxoch £Z. ilngao. Chem ., 1903, p. 173) describe 
the estimation of earbmi in pyrites, especially the “coal brasses.” 
This can be done by the ordinary .method'of elementary 
analysis, but better J>y the method of Corleis (dissolving in 
chromic acid, and absorbing the CCL formed by soda-lime), 
for which the^ introduce some convenient modifications. The 
estimation of selenium has been mentioned, supra, p. 55. 

It is not our object here to treat of the’estimation of all 
these substances, nor that of the copper which, in the majority 
of cases, represents a large portion of the value of pyrites. 1 We 
make an exception only with jirsenic, because special methods 
for estimating this in pyrites have been worked out which are 
not found in the ordinary text-tfooks. 

The process ernylc^ed at Freiberg is that used by Reich, 
and is as follows:—Digest about £-5 g. of finely pulverised 
pyrites in a porcelain .crucible, covered with a watch-glass, with 
concentrated nitric acid «t a gentle heat, until the residue 
assumes a lighter colour and the separated sulphur has turned a 
pure yellow. After decomposition, heat the crucible on a .sand- 
bath to get rid of the excess of acid, but not fco dryneSs. Add 

. • 

1 these substances, see Lunge’s Technical Chemists' Handbook , 
published by.tlurncy. and Jackson, 191b; rrtso a Very extensive paper by 
Westmorland, J. Soc. Chem. 1 ml., 1886, p. 31, and criticisms on the same, 
p. 277 ; and Lftnge’s 1 ■chnual Methods of Chenfical Analysis, English 
Translation by Kettne,4Hib)islied by (iuritiy and Jackson, 1908, vol. i. pp. 285 
etseq. 
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4 g. of sodium carbonate,'dry completely on the sand,-bafh, add 
4 R- of potassium nitrate, and fieat the mass until t’lie contcnts-of 
the crucible have been in quiet fusion for ten minutes. Extract 
the cooled mass with hot water and (liter ;'the .filtrate contains 
all the arsenic as sodium arseniate. Acidify with a little nitric 
acid, keep for two hours on a sand-bath to £ct rid of the carbon 
dioxide, add a sufficient quantity of a splutien of silver nitrate, 
and neutralise carefully with dilute ammonia. The reddish-*' 
brown precipitate of silver arseniate is filtered, washed, dried, 
taken off the filter as well as possible, the*filter is incinerated yi 
a muffle, the precipitate put to it, a sufficient quantity ef-ctssay 
lead is added, and the silver estimated by cupcllation. One 
hundred parts > of silver correspond to 23-15 of arsenic. , 

I.eroy M. M'C'ay has modified and greatly simplified this 
method (Client. News, xlviii. p. 7) 'by Estimating the excess of 
silver used by Volhard’s method, hates on ( Amer. Chcm. J„ 
viii. No. 2) the slime author recommends as preferable another 
plan, namely dissolving the Ag :1 As 0 4 injdilute ammonia, and 
either estimatftig the silver by Volhard’s volumetric method 
(precipitation with a’mmonium thiocyanate), or •evaporating, 
drying, and weighing the total in a thin platinum dish. If the 
arsenic is to be precipitated as pentasulphide, which is otherwise 
a tedious operation, M’Cay recommends ( Amer. Chcm. /., ix. No. * 
3, and x. No. 6) to place the solution in a flask with a well- 
fittmg stopper, acidify with IK l, t and dilute with freshly boiled 
water till the flask is nearly full, pass in 1 l„S to saturation, insert 
and fasten down the stopper, afld place the whole in a water- 

bath for an hour. At the end of that time all tile arsenic will 

. 0 0 

b(^ precipitated as pentasplphide, As.,S,,, containing no free 
sulphur. 

Clark (/. Sue. (hem. Ind., 1887,!p. 352) recommends the 
following method as especially adapted for estimating very 
small quantities of arsenic in pyrites rich in sulphur Mix 3 g. 
of pyrites in a platinum crucible with four times as much of a 
mixture of calcined magnesia and,sodium hydrate, heat for 
about ten minutes ovpr a moderately low Bunsen flame, extract 
the shrunk mflss with bdiling water, acidify' the solution with 
hydrochloric acid f which ivolvcs much H.,S), bqil firr’ a few 
minutes, and saturate Mth JI 2 S, when all the .arsenic will be 
thrown down as sulphide; v^hsh the precipitate, extract tfye 
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sulphitie pf arsenic with ammonia, fcvaporate the solution to 
dryness, dissolve in strong nitric acid, and estimate the As as 
ammonio-arseniate of magnesia, or else by silver solution as 
above described. Or else the calcined mixture, after neutralis¬ 
ing it with HCI, as above mentioned, is reduced by cuprous 
chloride, and the liquid is slowly distilled into water, repeating 
this operation twics, with strong HCI, which will cause all the 
arsenic to pass over as AsCl s , which can be either precipitated 
by HoS or titrated by iodine. Clark points out the necessity of 
qprcfully testing all the reagents'employed for arsenic, of which 
he n«! found as much as 002 per cent, even in commercial 
caustic soda. 

Nahnsen’s process ( Chew. Zeit ., xi. p. 692; abstr. J. Soc. 
Chew. Iud , 1887, p. 564) docs not offer any special advantage. 
The process described in detail by H. Frescnius {Z. anal. 
Chew., 1888, p. 34) isr. no doubt very accurate, but lengthy and 
troublesome. 

Blattner' and Brasscur {Z.angcw. Chew., 1898, p. 262) give 
exact instructions for estimating arsenic in pyrites, both in 
the wet and 'dry methods, 

Vilstrup {Chew. Zeit., 1910, 350; Chew. Soe. Abstr., 1910, 
ii. p. 458) estimates in pyrites the sulphur and iron by Lunge’s 
method. For the estimation of arsenic he moistens 12-5 g. of 
the powdered ore in a large beaker with 10 c.c. of water and 
1 c.c. of sulphuric acid, adds strong nitric acid until there is 
no further effervescence, boils the liquid to a paste and treats 
the residue with boiling wateV. If the residue is not white, 
the liquid is' decanted and the insoluble mass boiled with 
aqua regia. This is then evaporated and the residue trans¬ 
ferred to the main solution, and the whole is diluted to 250 
c.c. The solution is than passed through a dry filter; the 
residue is washed and tested for lead by boiling with ammonium 
acetate; excess of sulpnuric acid rcprecipitates the lead. Two 
hundred g. of the filtrate (=10 g. of the sample) are treated 
with hydrogen sulphide. ,The precipitate, consisting of copper 
and grsenious sulphide, is treated with aynmonium carbonate; 
this dissolves the Arsenic, which is'theVi reprccipitated by adding 
dilute sulphyric acid and passing J I,,S Jn. The As 2 S 3 is 
collected in a Qooch crucible, wasljed wSth alcohol and carbon 
disulphide, drier) at 100"* and Weighed. The copper sulphide 
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is freed from admixed sulphur and tracts of antimony sulphide 
by boiling with sodium sulphide, and then washed and burned 
to oxide. The filtrate from the copper arsenic precipitate is 
diluted to 500 c.c., 50 c.c. (= 1 g. sample) 'yre boiled, oxidised 
with nitric acid and, after adding an excess of ammonium 
chloride, precipitated with amnymia. As flie iron precipitate 
retains zinc, it should, after washing, b? redissolved in hydro¬ 
chloric acid and, after neutralisation, boiled with ammonium' 
acetate or nitrite. The united filtrates then contain all the 
zinc. After adding ammonia and heating to ’boiling, any Cy 
and Mg are precipitated by adding a like’ ammonitim carbonate 
and phosphate; the liquid should then be stirred for half an 
hour. From the filtrate, the zinc-ammonium phosphate >i.s 
recovered by boiling off the NH.„ and finally converted by 
ignition into zinc pyrophosphate ahd weighed as such. If the 
colour should not be pure white traces of. Ni or Co phosphate 
may be present'.’ In such cases the filtrate from the iron is 
acidified, with acetic acid and treated with t H.,S. After twenty - 
four hours the’ precipitate is collected and treated with cold 
zV-hydrochloric acidthe zinc dissolves, and the’ Ni and Co 
are not affected. From the filtrate the zinc is then recovered 
as pyrophosphate in the usual way. Hattensaur (Chau. Ceutr., 
1911, i. p. 1373) recommends this process. 

• 

3. ZlNC-IiMCNDIC. 

This mineral is now the principal zinc-ore. Previously to 
reducing the zinc, the blende must be. roasted in order to 
convert it into Z11O, and this process was formerly carried out 
without taking any care to deal with the. enormous quantities 
of SO, formed. Sanitary legislation at last interfered with 
this procedure, which of course laid waste all the country round 
the zinc-works, and compelled measured for dealing with the 
noxious gases. Part of these are now used for the production 
of liquid sulphur dioxide (if Chapter I,V.); mostly, however, they 
serve for the manufacture »f sulphuric acid, so that blende has 
now become ofle of the irfore* important raw ‘materials for this 
purpose. The historical development of this industry’ will be 
related in Chapter IV. * , 

Blende occurs in large qijdntities; for instance, in Silesiy, 
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WestjthaUa, Jlhinelandf Saxony, Austria, Belgium, Wales, the 
Isle of Man, Spain, Italy, France, the United States, pi nearly 
all of which localities it is utilised for the manufacture of 
sulphuric acid. 

Pure'blende, ZnS, contains 32-9 per cent. S, and 67a per 
cent. Z». The commercial ore is, of course, always impure. 
We quote the following analyses, by Minor (Chau. Zeit ., 1889, 
p. 1602), of Rhenish blende:— 
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Draschc analysed a blende from Carinthia: ZnS 68-41 per 
cent.; PbS 4-55; FcS_, 2-05 ; ZnCC), 2-40 ; CaCO.. 8-93 ; MgCO., 
10-62; A1 3 0 ; , 0-63; gangue (principally quartz) 1 2-32 percent. 

Pennsylvanian blende, according to F. A. (ienth Sulphur 
32-69 to 33 06 per cent.; Zinc 66-47 i Iron 0-38 ; l Cobald 0-34. 

Jurisch (VS' cinvefchanrcfabrikation , p. 61) quotes analyses of 
various descriptions of blende, burnt by the Chcmische Fabrik, 
Rhenania, with sulphur contents varying from 18-40 to 32-20, 
and zinc from 14-90 to 50-22 per cent. 

Ilacnisch and Schroeder {Chew, hid , 1884, p. 118) quote 
the contents of Silesian blcnd,e = 23 to 37 per cent. S, also an 
inferior blende = 8 to 21 per cent. S. 

Blende frequently contain^ cadmium and mercury. The 
latter occurs'in kheqish blende to the extent of only = 0-02 
per cent., but in Spanish (Aviles in.Asturia) = 0-135 per ccnj;. 

According to direct information from the Rhenania Chemical 
Works at Stolberg, the sulphur contents in the blende roasted 
there ranges between 20 and 30 per cent.; on the average 25 
to 28 per cent. Iron ‘does not do any harm, but lime retains 
its equivalent of S as CaSO,,. Lead affects the duratibn of the 
roasting-beds ; it is partially volatilised with a little silver, and 
reappears in the jlue-dust, the tower*;, and chambers. Mercury 
and fluorine tre'aiso volatilised ancl act very" injuriously on 
the plarfnuiq vessels used for conce*.it*ation Arsenic generally 
occurs in blende jn such extremely slight quantities that the 
apid made from,it may be considered as technically pure. 
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In our last edition it is stated that tjie sulphuric acid, works 
recently refuse to accept blende’containing///renV/«! 'f rucliot (./. 
Soc. Chc'u. Iml., 1911, p 207) states that blende nearly always 
contain calcium fluoride, ranging from a few grammes to 250 to 
300 g. per 100 kg. Lead is attacked notably by sulphuric acid of 
53 0 B. containing small quantities of hydrofluoric or hydrofluo- 
silicic acids, and it appears certain that the life of the chambers 
and more so that of the first tower, and that of the Gloves 
tower, must be considerably shortened by the use of blende 
containing fluorine. Fluorin’e compounds also attack the 
silicious lining of the Glbver tower. . , ’ 

Del place (Ger. 1 ’. 200747) removes the fluorides from blende 
by heating the ground mineral with sulphuric acid, if necessary 
with additions of silica in the form of powdered glass or quartz ; 
the fluorine compounds are recovered and utilised. 

Jcnsch {/-. angew. Client., 1S94, p. 59) shows by analyses 
that the sulplumin misfed blende is mostly contained therein in 
the shape of ferrous sulphide; when roasting down to 2 per 
cent. S, ’no Z11S is present, and it is therefore quite unnecessary 
to drive the roasting down to 0-5 per cent. S, as is sometimes 
demanded. 

Statistics. —Tile production of blende in Prussia in 1890 
amounted to 362,464 tons; Belgium in 18S9 to 12,376 tons; ■ 
France and Algiers in 1887 to 13,800 tons; Spain in 1885 
to 24SS tons. In 1908 435,750 tons bletidc was worked in 
Germany for the production of sulphuric acid and liquid sulphur 
dioxide. • 

* 

Analysis of Zinc-blende. —The sulphur is estimated by the 
wet method as described, p. 96. In the cinders from blende 
the same method must bfe employed since the dry methods, 
eg., Watson-Lunge’s (p. 104), in this cdse give quite wrong 
results. Details respecting this and the other constituents 
of zinc-blende are found in Lunge’s Technical Chemists' 
IJandbooJe and lounge-Keane’s Technical Methods of Chemical 
Analysis. ' 

A rapid method for th<j determination of Sulphur in roasted 
blende is described toy Nitchie in /. Soc. Chepi. Jnd., *1912, 
pp. 30 et sty. It consists^ heating ihe sample, prefarJtbly in 
a boat, by means of as electric tube furnace, in ’a current of 
air to about 1000°, absorbing.the resulting‘oxides of sulphur 
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in an excess of standard alkali solution and titrating the excess, 
phenolphthale'in being used as' an indicator. This method 
(which, according to Nitchic, does nut answer for raw ores) 
takes less than ten'minutes from taking the sample to com¬ 
pleting the titration, and may be entrusted to boys with but 
little training in chemical manipulation. 

Hassreidter (Z., angew. diem., 1906, p. 137) tests roasted 
Hslendc (1) for zinc sulphate, by extracting with warm water 
and estimating the zinc in the solution by Schaffner's method; 
(2) for sulphides,'by boiling with'a solution of 39 g. tin in i litre 
colio nitrated hydrochloric acid, and pissing the gases containing 
H,S through a ten-bulb tube charged with a solution of bromine 
in hydrochloric acid, where all the sulphur is retained as H 3 S 0 4 ; 
the latter is found by precipitation with barium chloride, after 
previously remdving the excess of bromine and approximately 
neutralising with sSdiym carbonate. 

4. OtiieIs Metaijjc Sulphides—Noxious Vapours. 

• 

Pyrites proper has hardly any other Application than that 
for sulphuric-acid making, and it is obtained almost exclusively 
for this purpose. In the case of cupriferous pyrites the 
sulphur constitutes only a portion, but a very considerable one, 
of its value. The working of poor copper-ores would not pay, 
apart from the noxieus effect of the gas produced in calcining 
the ore, unless the price of the ore were very moderate; and 
this is only possible by the acid-makers paying on their part 
for the ore, which they can well afford, as most kinds of 
cupreous pyrites btAiaAe very well in the burners, and yield 
quite as much acid in proportion to^their percentage of copper 
as the non-cuprcous *ores> The case of zinc-blende is now 
similar to that of cupreous pyrites. 

The case is different with most other sulphuretted ores 
occurring in smelting operations, such as galena, the many 
mixed ores containing blende and galena, besides iron- and 
copper-pyrites; the richer copper-pyrites themselves, and, lastly, 
the intermediate products ,“coarse metal',''''' matte” etc. These, 
for their,, metallurgical utilisation, equally require a calcination 
evolving sulphur dioxide ; but the matter is very different here 
from what it is with a, good ..pyrites, whether it be pure 
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iron-pyrites or containing- 1 a few per cent, of copper.. On the 
whole, all those ores and metallurgical products are much 
poorer in sulphur than ordinary good pyritc's; and for this 
reason they are less easily calcined in suf;h a manner‘as to 
allow of utilising the gas, because the evolution of heat by the 
combustion of their own sulphuf is not sufficient to maintain 
the process energetically. An external, stimulus was required 
before smelting-works would seriously attempt to utilise the" 
sulphur dioxide contained in the gas from calcining the ores; 
and this proved to be the damage and nuisance caused by thq 
noxious vapours all round tile works. The claims for damages, 
the law-suits, and the measures taken by the authorities at 
last made it impossible in many places for the works to go 
on in the old way; and although it appeared at first as if the 
sulphurous acid could not be condensed at all in this case, or 
only at a loss, practice has now succeeded in fulfilling the. 
task in most (biu* not in all) cases, principally by the construc¬ 
tion of improved burners, which will be described in Chapter IV. 
It would undoubtedly be too much to say that the task had 
been solved in all its parts; the success has mostly been only 
partial. In many cases where an ore could not possibly have 
been calcined so as to utilise the gas, mixing of it with others 
has been resorted to. Thus the Ilalsbriicke works, near 
Freiberg, roast galena and blende mixed with pyrites; and in 
1870 they made 8000 tons of sulphuric acid from the gas. 

In reference to the sulphur dioxide escaping as noxious 
vapour, Leplay (cf I’crcy, Metallurgy , 1SC2, i, p. 337) mentions 
that in South Wales annually 46,000 toijs of sulphur escaped 
into the air as sulphur dioxide, together with arsenic, fluorine, 
leacl, and zinc compounds, in spite of the condcnsing-chambers. 
In fact, the country round Swansea was stripped of all vegeta¬ 
tion. At Freiberg the works in 1864 paid upwards of ,£2750 
damages on account of their vapours,’in 1870, after better 
condensartion had. been effected, only £239. It should not be 
forgotten that sulphur dioxide occurs in very large quantity, 
although in a much pioreudilutc state, in all ^oal-smoke, and 
consequently in the atmosphere and the rain-water of all large 
towns, and that the .most* perfect “ smoke-combustjon ’’ J cannot 
do away with this. Much piore injurious than the vapours 
escaping through high chimneys, which are sopn diluted with 
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air, is the, smoke from ^rick-works, Ake-ovens, and other fires 
which emit their smoke at a low 'height above the ground. Mr 


Fletcher has calculated that 
amounted : 

From fire-gases . 

„ copper-works . 

„ glassworks 
„ alkali-worlcs . 


at St Helens the acicls^escaping 
. to Soo tons per week. 

,* it 3s* 0 it tt 

„ 1S0 „ „ 

tt -5 tt it 


Similar calculations have been made by Mr llascnclcver 
(J^licm. hid., 1879, p.,225), who has ^iven strong proof of the 
damage dond by coaltsmokc alone. 

According to the 287/7 Alkali Report (for the year 1891), 
p.*i9, the quantity of aci^l gas which at that time escaped into 


the a'r 

at St^ Helens, calculating HC 1 as 

its cq 

uivalent 

sulphur 

acids, was as fi/doWs: — 

• 

Tons sulphur 
per annum 

From 

Copper and Lead smelting works . 

**. 1,480 

) 

51 

Glass-works .... 

7,500 

1 < 9 , 3 i 3 

15 

Pollshing-po\\Tler works . 

•. 333 ; 

J • 

„ 

CoaJ-burnt (U per cent, of 1,040,000; t . 


15,600 

11 

Chancc-Cl.uis piocess .... 


620 

51 

Sulphuric-acid chambers .... 

■ '73 

• 

11 

Alkali-works.* 

. 402 


Total 


36, IOS 


This is the equivalent of 72,216 tons SO., or 110,586 ILSO.,, 
of which the alkali-works contribute only il percent. Since all 
this is given off from an area o$ about 3 sq. miles, each .square 
mile at St i Helens received the equivalent of 12,036 tons of 
sulphur, against II tons in summer or 44 tons in winter on a 
square mile in London. 

In Chapter IV. we shrjll deal with the various attempts at 
utilising, or at least rendering innocuous, the acid gases given 
out in calcining ores, *md we shall here enumerate only the 
various classes of ores or waste substances coming under the 
head of causing “noxiouj vapours,” such might serve for 
the manufacture tif sulphuric acid ^apart from zinc-blende, cf. 
P 109 )- . . *• * • ** 

Copper-pyrites and mixtures of tjiij with blende,*galena, etc., 
are roasted in several places in kilns so«as to utilise the S0 2 in 
acid-chambers—a? Ches.sy near* fyoris, at Oker in the Harz, 
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at Manzfield, at Swansea’. At the AlScnau silver-vtjorks near 
Clausthaj, in 1872, 228 tons of vitriol of 106 Tw. were matie 
from copper-pyrites (and 314 tons from lead-matte, Wagner’s 
Jahresber ., 1874, p. 276). At Freiberg thb, Gulden and Hals- 
briicke works proceed in the same way; but they only utilise 
ores and products pretty rich in„sulphur for'vitriol-making. 

The following particulars respecting, the materials burned at 
the Government works at Oker in 1901 have been communicated 
to me from an official source. The ores are:— 

k , 



• 

| * 

| 


Lump*. 

; 

• Total 


Tons. 

1 'I (1118 

Toil*. 

Coppcr-o’u.-, No. 1 

1,205 

» «95 

2,100 

2 

4,005 

88 

4,183 

.. 3 

l,U 7 . 

. 73 

* 1,440 

Miud mi's . 

7,416 

3,770, 

11,686 

I’ynfic lead-oie . 

80S 

£4 

869 

Czoppci-m.iti^ 

6,288 


6,288 

Lead-matte . 

3-377 


3.377 

‘'SpuKstcm’ (re^iilii,). 


1620 

» 

1(620 

Tot.il . . . 

2?. 103 

6,510 

.V» 6 i 3 1 

l 


Composition of these materials:— 


Cu 

K« 

Zn 


I’d 

s 


1. 

Joppur on* 

3 . 

1 M lYOll 

ore 

I » 

Tyntic 

lead- 

or#* 

matte 

Lead- 

nulto 

\ lit-aiilim 

17.70 

9-70 

4-75 

4-60 

1-05 > 

30-47 

18-20 

! 64-38 

23 00 

30-40 

33-50 

I2-40 

24.50 

24-40 

*21-70 

8-93 

9-50 

5-80 

4.90 

21-50 

15-50’ 

•8.75 

15-00 

! 1-34 

3 - 7 ° 

2.40 

1-75 

10-05 

6-75 

5-80 

7-10 

2.95 

32-00 

36-00 

40-50 

! 24-00 

34-00 

18-70 

17-00 

1 20-70 


The production of acid at Oker is per annum 21,000 tons 
50" B., in five sets of chambers of 19,(056 cbm. capacity, />., 
1068-38 kg. acid «f 5 0 B., per 1 cbm. chamber-space. The kiln- 
gases contain 4 to 5 per cent. SO.,. 1 

Traces of ilg, Tl, (Id, a*id Se have been found both iji the 
ores and in thtf products dbtai’ncd therefrom. ‘ » 

Apart from puw: pyrites, the “ordinary ore,s ” ;tre best 
adapted for vitriol-makflig, bgcau.se they conjai’j their sulphur 
mostly as FeS 2 ; the “mixcjT ores’" are les<g favourable, on 
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account of their galena,»and the rich &>pper-orcs on account of 
thtir large percentage of copper. Of the lead-ores only those 
amply permeated by pyrites are fit for vitriol-making. The 
sulphur in the ores .forked at Okcr varies from 20 to 40 per 
cent.; on an average it is 30 per cent.; but it must be noticed 
that the sulphur ot the galena is altogether unavailable for 
vitriol-making. The c4.sc is not much better when copper- 
fjyritcs predominates, because this furnishes too poor a gas, 
and, moreover, decrepitates and falls to powder in roasting. If 
n.o more than 35 per cent, of copper-pyrites is mixed with 
iron'pyrites, it, does no'harm. Blende behaves in a similar way, 
but rather more favourably ; ores containing 35 per cent, blende 
along with 25 per cent, pyrites yield gas quite adapted for 
vitriol-making. 

The first sulphuric-acid Works at Okcr were erected in 1841 ; 
there is now one of <he largest acid works in Germany, viz., 
14 sets of chambers with a capacity of .800,000 iub. ft. 

In the Eng. and Jilin. J., 1904, lxxviii., p 216, there is a 
report on the utilisation of the sulphur contained* iri the Broken 
Hill ore, as freated by the Carmichael-Bradford process. The 
raw material is mixed with 15 to 25 per cent, gypsum, the 
mixture is broken up to the size of marbles and roasted in 
converters in such manner that the temperature in the lower 
part reaches 400’ to 500". When air is passed through it, SO., 
is given off, partly also from. the gypsum, and the gases are 
passed into lead chambers, where about 350 kg. of sulphuric 
acid is recovered from 1 ton Lf ore, containing 14 per cent, 
sulphur. The plaiUaf that time yielded 35 tons chamber acid 
per week, and it was to be enlarged, 

“ Coarse metal" of copper-smelting is roasted for the manu¬ 
facture of sulphuric acid «at Mansfield. A product containing 
34 per cent. Cu, 28 per cent. Fe, and 28 per cent. S, according 
to Bode, yields gas with 5J per cent, by volume of SO,, and at a 
sufficiently high temperature to work with the Glover tower. 
In most cases, up to the ptssent, coarse metaf cannot be roasted 
so as.to utilise the SO., 

Galena <was» formerly nowhere worked in such a way as to 
extract Its syiphur in the shape of culphurjc acid. ‘The purest 
galena contains oyly 13-4 per cent, of sitlphur; it is transformed 
into lead sulpha/e on roasting, aY^d only in the strongest white 
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heat gives off a portion of its sulphu'f as S 0 2 ; .moreover the 
metallurgical processes to which it is subject are of such' a 
nature that only poor gas can be produced from it. This 
subject has been discussed by llode in his : Beit rage zur Theorie 
and Praxis dcr Schwefelsimre-fabrikation , 1872, pp. 32 and 63; 
his conclusion is that even mixtures of galena and pyrites 
cannot be roasted in kilns for the manufacture of sulphuric acid 
if they contain more than 18 to 20 per cent, of galena. Quite 
recently, as I learn from a private source, the $0., from galena 
is obtained in a sufficiently concentrated form for utilisation, by 
blowing the galena with air in Bessemer converters. 

Lead-matte is used for the manufacture of sulphuric acid— 
for instance, at Freiberg and in the-.Lower Harz; it is there 
roasted in large kilns of \2\ tons capacity. The matte loses 
half its sulphur, and yields gas with 4 to 6 per cent, of SO.,; the 
temperature, according to Bode, is high Enough for the Glover 
tower. In the Upper Harz the utilisation of its sulphur in 
metallurgy has in general not been found practicable. 

5. By-products of other Manufacturers. 

Spent Oxide from Gas-uwrles. 

We have already (snpn), p. 36) treated of this oxide as a 
material for obtaining free sulphur. We shall now describe it 
in respect of its application for the manufacture of sulphuric 
acid, which is carried on in many places. 

Coal-gas is universally purified fromjuilphurctted hydrogen 
by passing it over hydrated ferric oxide. The H„S of coal-gas 
is due to the presence of pyrites, contained’in the coal, the S of 
wh*ch appears in the gas mostly as sulphuretted hydrogen. 
Most works remove this from the gas’,by a mixture of hydrated 
iron oxide and sawdust. In this case sulphide of iron and 
sulphur are formed, according to the equation 

2 lie (0 H ) 3 + 3 H,,S = 2 FeS + S + 6 H ,0 ; 
and when the mass, having become inactive, is exposed to the 
air, it again passes pver into ferric hydroxide, more sulphur 
being precipitated, thus: * ‘ * 

2FeS.+ 0 3 p j*l LO = 2Fe(OH) 3 + S a . . 

The hydroxide thus reproduced and ^nined^with sulphur is 
again used in the purifiers, a*i’d is regenerated, about thirty or 
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forty timet; oucr before Ihe sulphur has accumulated therein to 
such an extent that the mixture does not work any longer; it is 
then replaced by /resh oxide, and the spent ore is passed over 
to vitriol-makers. 

l’hipson states t^e composition of such a mass to be:— 

Water . . . • . .14 per cent. 

Sulphur . * . . . . 60 „ 

Organic substance insoluble in alcohol . 3 ,, 

Organic substance soluble in alcohol (cal¬ 
cium fci*ro( yanule and sulfihocyanide, 
ammonium suTphocyamdc, amnftmium 
chloride, hydrocarbons) . . . 1-5 „ 

Clay and sand . . . 8 „ 

Calcium carbonate, ferric oxide, etc. . 13.5 „ 

If the oxide;contains considerable quantities of cyanides, it 
may cause great trouble* in the manufacture of sulphuric acid 
(•314/ Alkali liaporl, p*8q). 

Hot water extracts the ferrocyanydes and*sulpliocyanides, 
together uifh ammoiyium chloride; the solution can be evapor¬ 
ated to dryness, and the residue separated l*y alcohol into 
insoluble calcium ferrocyanide and soluble sulphocyanidc and 
chloride. 

According to the analyses of Davis (Chan News, 1874, xxix. 
p 30), three samples of spent oxides contained 



i 

n 

til 

Sulphur. 

i (>4-376 

62.35s 

67.956 

Ferric hydroxide .... 

14-121 

17-112 

' 5-335 

Insoluble ..... 

11-052 

s-° 9 y 

8-304 

Moisture . . • . 9 

2-079 

5 - 3»7 

3 - 9 oo 

Lime (as CaS) ... 

2-{<)9 


Sawdust. 

2-470 

1-776 

■" m 

I -002 

Calcium carbonate .* • 


5-135 

3-006 

Ammonium ulplioi y.utidc * 

Ammonium chlonde . . \ 

2.(62 

1.324 

1-102 

Ammonium <y.inkle . • « • / 

0 605 



Ammonium feriotjanide . 


1 -663 


Prussian blue. 

trace 

A 3 ® 

» trace 

_ t 




Cotal 

• 

• 

J 00-064 

t 

. _« - 

IC 0-220 

* - 

loo-t 05 

_ 


These samples seem .to have been taken from precipitated 
iron hydroxide, to judge from furtlfer*analyses by Davis ( 67 /m. 
News, xxxvi. j 5 . 1*9),.in which also tarry substances are taken 
irfto account. 
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The foWowmg feVAe'gwes the composition of .waste gas 

oxide, proceeding from different raw materials T ‘ 



i’recipitatoil 

-Boe-iron- 


, 




Fe(OU) a 

ore 


copperas 

0X1(108 

Ferric hydi oxide 

17-7+ to 10-36 

15-96,10 

26*42 

5-0 f 

to 6-84 

8.72 

> 20-40 

Sawdust 

1-98 „ 472 

'•'4 

3-72 

1-04, 

>» 3-24 

2-16 

9-76 

Calcium c.ubon.iti 
Ammonium sul- 

o- ,, 1-04 

0- ,, 

1-73 

• 0- 


0* 

10-36 

phocyanide 
Ammonium ferio- 

'■99 „ 2-74 

0-94 

1-93 

1-9-8 

.. 34 

r-iS 

4-72 

cyanide . 

tl.lCC 

trace ,, 

0-21 

fj-27 

,, ’ 0-64 

trace 

0-4 4 

1 airy matters 

0-72 to I*2B 

0-92 M 

1-14 

0-72 

„ I-i,8 

o-55 

I-1)4 

Sulphur 

Insoluble in di- 

62-44 ,, 67.I8 

48-76 „ 

57-44 

18-76 

55-74 

32-42 

42-16 

lute IlCl . 

3 , 5 47 

9-74 „ 

11-42 

7-82 

„ 12-68 

J 2-12 , 

20-71 

Prussian blue ,» 
Cab min sulphate 
Ammonium sul- 


irate „ 

0-17 

ti ace 

Hate 

„ 1-71 

„ i-13 

l race 

Ov 

^•64 

3-23 

|>hate 



» 

>2-78. 

„ 16-72 

o- 1 

014 

Moisture (by dill.) 

4-72 S-7& 

% 

7-22 ,, 

10-82 

7,-98 

9-22 

7-49 • 

33-4' 


From these analyses it can be seen, first, that it* is decidedly 
best to extract the mass at first with wafer, in order to remove 
the ammonia compounds, which are in themselves* valuable, and 
which, if they get into the chambers, destroy a good deal of 
nitre (their value: is certainly greatly lessened by the sulpho- 
cyanide); second!}', that sometimes a considerable quantity of 
calcium carbonate is present, which raav get into it at the 
gas-works by lime being added, on purpose or by mistake, and 
which, of course, retains an equivalent quantity of sulphur in the 
shape of gypsum. In fact a‘sample of the residue left after 

burning contained : * 

■ * 

Insoluble . . 33-386 Calcium sulphate . 13-315 1 

Ferric oxide . 52-399 Sulphur . . 0200 

These impurities (which cause a*loss by retaining sulphuric 
acid) and the sulphates present from the first (which arc not 
available) must be allowed for in analysing the gas oxide. This, 
accordiitg to Davis, was formerly done by extracting the sulphur 
by means of carbon disulphide, evaporating the solution, and 
weighing the sulphur; but as the presence; of tarry matters 
causes an errdr, Davis now makes the analysis*by •burning the 
sulphur in a current of'atr in a combustion-tulx; of Itohcmian 
glass, conducting the SO. z formed into a_n ajasurbitig-apparatus 
filled with iodine solution, anp* retitrhting tjie ^unaffected iodine 




120 


RAW MATERIALS 


by a solution of sodiunj thiosulphate* {Chew. News, xxxvi. p. 
I9<?; cf. also Zulkowsky’s process,'p. 72). 

Pfeiffer (/. Gasbclcucht., 1905, p. 977) estimates the S in 
spent gas-oxide by’ burning 1 g. in a bottle filled with oxygen, 
containing 25 to 50 cm. normal NaOlI solution. If the sample 
should not take fire'it is taken out, glycerin is poured over it, 
a priming-match is put in, which is lighted and the sample put 
back into the bottle. When the combustion is completed, 1 
c.c. of neutral hydrogen peroxide is put in, and the NaOH in 
excess titrated with ac;d and metfiylorange. 

Tire burning of gao-oxide is usually performed in shelf- 
furnaces similar to those used for pyrites-smalls. They will 
be ^described in detail in Chapter IV. Already in 1S61, 
at Barking Creek, on the Thames, 2180 tons of this material 
were used; but'much larger’ quantities might have been got, 
since, according to A.,W. Hofmann {Report, 1862, p. 15), even 
at that time at least 10,000 tons of sulphur wire contained in 
the London»gas. Much of the acid made from spent oxide is 
sold as “ brimstone acid.” ' 

In Franc* also, at that time, the sulphur from gas-works 
was used on a large scale for the manufacture of sulphuric acid. 
The factory at Aubervillicrs, belonging to the Society of St 
* Gobain, used no other; Messrs Seybel & Co. at Liesing, near 
Vienna, and Kunheim & Co. at Berlin (Wagner's Jahresber., 
1864, p. 153 ; llasenilevcr, loc. cit., p. 167) did the same. 

The rational treatment of spent oxides for the purpose of 
obtaining ammonium salts, ferrbcyanidcs, and sulphocyanides 
is described ifi Lunge's Coal-tar and Ammonia , 4th edition 
(1909), pp. 887 and 1*128. 

According to the 41 st Alkali Report, p. 105, the manufacture 
of sulphuric acid from sper(c oxide requires very close watching, 
on account of the variation in the nitrate-consuming compounds 
which it contains. Cerfain kinds of spent oxide cannot be burnt 
without seriously disorganising the chamber-process, unless the 
oxide is first washed. 

, Sulphuretted Hydwgeh • 

ThcSuIphur contained'in Leblaiu" elkalitwaste , in the shape 
of calcium sulphide, has been frequently proposed for the 
manufacture of sulphuric acid, nearly always after having first 
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converted it into sulphuretted hydrogen. The qnly, successful 
process in this line (the Chance process of treating alkali- 
waste) belongs to the domain of alkali-manufacture, and 
cannot be treated in this volume ; it is described in ohr third 
edition, Vol. II., pp. 945 cl seq. (1909). Only the contriv¬ 
ances for burning the hydrogcji sulphide ‘will be described in 
Chapter IV. , • 

Borntrager (Ger. P. 15757) proposes decomposing the yellow 
liquors from alkali-waste by means of ferric oxide (ground damp 
pyrites cinders), to filter the sulphur and ferric sulphide which 
is thus precipitated, and burn it after drying in brdinary shelf- 
burners. [Oxide of iron in this state is a very inferior reagent 
for removing,the sulphur from yellow,liquors and the like.].. 

An anonymous inventor has proposed to absorb the 
sulphuretted hydrogen in hydrated ferric oxide'suspended in 
water, filter, press the residue, dry it, .and burn it on shelf- 
burners. Wys 5 [Bull. foe. Ind. Mulhouse , 1890, p. 281) has 
shown that this process is neither injvel nor ’in- any way 
promising of’success. 

The sulphuretted'hydrogen given off in the lhanufuture of 
sulphate of ammonia (cf. Lunge’s Coal-Tar and Ammonia, 4th 
edition, pp. 1085V/ seq.) is sometimes used for the manufacture 
of sulphuric acid. Here the H.,S is not merely diluted with a 
large quantity of inert gases, but is also of very unequal con¬ 
centration, which formerly rendered the manufacture of sulphuric 
acid from this source an unprofitable process. The same must 
be said of most other cases In which. II.,S is given off as a 
by-product. , * 

The utilisation of the [LS from sulphate-of-ammonia works 
for the manufacture of sulphuric acid has, however, been greatly 
improved and is now no longer a rase exception, but is practised 
in a good many English works. If the gas is properly intro¬ 
duced into the burner (ef. Chapter IV.), the consumption of 
nitre is' ’not excessive, and it is even possible to increase the 
heat by this means, if the spent oxides should not suffice for 
this purpose. The a,ction*of the large quantity of carbon dioxide 
accompanying the H 2 S in* the case of sulp'iato-of-ammonia 
works would seera to* aonsist only in requiring certain 
amount of chamber-.^race,,contrary to the opinion reported in 
Chapter VIII. 
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The HjS gjven off ii» the refining 'of asphaltum at Ventura 
(Colorado) is burnt and to tons of high-grade sulphuric ajid daily 
arc made therefrdm {Iron Age, loth July 1902). 

FelcT (Ger. P. apf>l. F26516) takes ICS and SCC out of 
gases and vapours by allowing them to act on solutions or 
suspensions of compounds of zitjc, manganese, or iron, if neces¬ 
sary together with 'ammonia, and with air or other oxidising 
agents, with or without heating, so as to obtain sulphur, or 
sulphuric acid, or sulphates. 

, F. Perry ( 15 . I 1 ' 20063, °f 191 >) utilizes the H.,S contained in 
producer-gas, dtc., by allowing the gas to act upon a solution of 
cupric sulphate, whereby sulphuric acid is set free and cuprous 
sulphide is precipitated, fhe latter is roasted, whereby 70 per 
cent of :i- ,'s converted into sulphate, the remainder into oxide. 

I * 

Sidphhr Dioxide from oilier Sonnes. 

Sulphur dioxide, formed in man)’ manufactuling operations 
as a disagreeable by-product, apart from those already described 
{supra, pp. 112 ct set/), is sometimes proposed to'be converted 
directly or indirectly into sulphuric acid. * The special cases in 
which this has been attempted will be treated in the next 
chapter. 

6. Nitkatk (it Soda. 

Commonly called “Nitre.” Its composition is: Nal\'(). t , 

l (Na.jO) - 31-00 36-413 pci cent; 

A (N 2 0 -,) - yoi 63-51 

tS5-oi loo'oo 

1 • 

Hardness 1-5 to 2; sp. gr. 2-09 to .2-39. In the pure state, 
and in large crystals, it is colourless, transparent, and brilliant 
as glass ; in small crystals if is white and opaque. The crystals 
arc rhombohedra with angles of I06 J 30' and 73" 30'. It has a 
cooling, bitter taste. HSated to a certain temperature it melts ; 
at a red-heat it is decomposed into sodium nitrite and Oxygen 
gas. The fusing-point is 316 to 319 C. (Carnclley, J. Che.m. 
Soc., I §78, ii, p. 277J. Mixed with coal, it deflagrates on heating. 
It attracts moisturt; from the air ‘(especially if nv>t quite free 
from chforide^), and readify dissolve*; in water, with consider¬ 
able lowering of.the temperature. t *' 

.One part of sodium nitfate, actording to Marx, requires for 
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solution T-5S part of water at —6°, i-ri5 at 0°, 0-46 a,t +119' C. 
According to Kopp, 1 part of sodium nitrate at iS"-5 C. requires 
M4 of water, or 100 parts of water dissolve *87-72 parts of the 
salt, In the presence of sodium chloride, its solubility is con¬ 
siderably less. 

<* 

Specific Gravity of the Solutions of Sotlimji Nitrate at 20 C. 


' Parts of salt 

Sped lie 

l’arta of salt 

Specific 

Parts of salt 

Specific 

m 1O0 water 

gravity 

111 100 Wfttei 

gravity 

111 100 water 

giavity. 

1 I 

1-0065 

*18 

1-1260, 

35.. 

1-2679 1 

1 2 

I-OI 3 I 

19 

1-1338 

36 

1-2770 

3 

1*0197 

20 

1-1418 

37 

1 -2S(>3 

4 

1-0264 

21 

1-1498 

38 

1-2958 

5 

*1-0332 

22 


39 

1 - 304-3 

h 

1-0399 

23 

I-I &59 

40 

-•*' 1-3155 

7 

1 -0468 

24 

, M 7 JO 

41 .- • 

1-3255 

8 

1*0537 

25 

1-1822 

. 4 2 

1-3355 

</ 

1 -0606 

2(> 

M904 , 

43 

1 - 3-156 

10 

1-0^76 

27 

M9S7 

44 

1-3557 

11 

1-0746 

. 28 

I-2070 

45 

1-3659 

12 

1 -0817 

29 

I- 2 I 54 

46 » 

. i- 376 i 

13 * 

V0889 

30 

1-2239 * 

1 47 

1 -3864 

i H 

1-0962 

31 

I *2325 

: 48 

1 -3968 

15 

1*1035 

32 

I-2412 

49 * 

1-4074 

16 

1-1109 

33 

I-2500 

i 50 

1-4180 

17 

1,1 *^4 

34 

I *2589 

! 



Nitrate of soda occurs in many places in small quantities;* 
but the only large beds which supply the world with this article 
are situated in a region of the west coast of South America, 
formerly belonging to Peru and now to Chili. This occur¬ 
rence, and the industry founded thereon, have been described 
in various communications by Langbejn (Wagner’s Jahrcsber., 

1 $71, p. 300 ; 1872, p 290; 1879, p. 390); also by YV. E. Hilling- 
hurst, of whose book (written in Spanish) Darapsky gives an 
extract in the Client. Zeit., xi. p. 7^2 (/. Soc. Chan, hit/., 1887, 
p. 545). Cf. also Buchanan {ibid. 1893, p. 128) and Behrcnd 
(Z. deutsih. Ingen., 1899, p. 1199; hischer's Jahrcsber., 1899, 
p. 406).’ A special booklet on the Chilian nitrate industry has 
been published by Semper and Michels, Berlin, 1904. A very 
complete report on, this»industry was made by the Qerman 
Consulate;n'Antofagasta, Chan. Ind., 191 i,’pp»758-76K 

The nitre-beds* are principally situated in tlje province of 
Tarapaca, between 68' 15'and 78" 18' longitpde„ and 19” 12'and 
21 0 18' 30" latitude ; they alj6 occur'some\yhaJ south, especially 
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near Antofagasta and Taltal. They were discovered in 1821 by 
Mariano de Rivero, and have been worked since 1830. T^he nitre 
zone is situated af an altitude of 3600 ft. above the sea-level. 

In 1*863 Don /o&? Santos Ossa discovered the nitre-beds, 
called Salar del Carmen, between the 24th and 22nd degree of 
latitude, and the bed? of Aguas Blancas, south-west of Antofa¬ 
gasta (23rd degree ctf latitude), both situated in the province of 
Antofagasta, at that time belonging to Bolivia, now to Chili. A 
Chilian Limited Company was founded for working them, first 
that of Salar del Carmen, and started work in 1869, at first in a 
very primitive'way by lixiviating the caliche in open-fired pans. 
In 187r machines were introduced, and the production rose to 
15,qpo quintals per montl;; a narrow-gauged railway was also 
built frcV.. Antofagasta to Salar, and in 1875 continued to 
Carmen also; the production of those fields now got up to 
100,000 quintals per month, and was expected to rise to 120,000 
quintals (6000 tons) per month in 1895, The railways leading 
to these field? were soljl to the English Antofagasta & .Bolivia 
Railway Co., comprising 574 miles. More recently several other 
nitre-beds, sitfiated near that railway line', have been started : 
(1) An Italian Company, the Oficina Lastcnia, near Salinas 
station (exporting 52,000 tons per annum); (2) an English 
'Company, Oficina Anita (exporting 75,000 tons per annum); 
(3) another English Company, Oficina Lucie (exporting 75,000 
tons), all of them witli modern German machinery, working by 
electricity; (4) Oficina Riviera (40,000 tons); (5) Oficina Ausonia, 
and (6) Oficina Filomcna, all of them owned by Italians; and 
several new oficinas were to be erected. The working of the 
AguUs Blancas fields, 61 miles by s rail from Antofagastp, 
commenced only in 1881, and was stopped a few years after, 
the expense of carriage to the coast being too great. Only in 
1892 the mines were again started by a Spanish firm. A 
number of oficinas was then erected by this and by a German 
firm. The whole production of the Antofagasta district In 1905 
was 543,000 tons per annum* and was expected to be consider¬ 
ably increased, so that it is now an important rival to the earlier 
worked Tarapacd district. ( 

An crtquiry made by the Chilia* Government (Z. angew. 
Chan., 1907, p. 5p2).on the extent of. the ifitre area showed that 
the^State possessed 2^000,000 hectares of it (say 5,000,000 acres), 
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containing at least r.oocf,000,000 tons fif nitrate, wljich would 
cover the highest demands for exportation for about one hundred 
and twenty-five years; apart from the three- Or four-fold larger 
nitre-bearing area, now' in the hands of’private persdns and 
companies. 

A detailed report on the situation of the Chilian nitrate 
industry has been made by Hartwig ;n Chau. Z.cit ., 1909, p. 
1162. Since 1908, when the nitrate trust broke clown, the pro¬ 
duction of nitre has grown apace. Moreover, the constantly 
increasing production of synthetic nitrates influences the market 
to such an extent that, eg., Denmark since 1908 1 /as bought no 
more nitrate from Chili; Sweden will soon follow, and East 
India, Africa, and Peru consume essentially less, while oilier 
countries consume more. The prices have also co-sffderably 
receded. Evidently in future the o!de.>, well-established factories 
will supply the market in free competition, but the others mu.'jt 
either cease to’ work 04 pass into the hands of their more 
powerful competitors. Similar opinions <ye found hu.he report 
of the Germah Consulate at Valparaiso in Z. atigeiv. Chan., 
1910, p. 1465 ; in Chan. Ind., 1910, pp. 400 aiAl 588. The 
producing-cost of nitrate up to the place of shipment, without 
interest and amortisation, ranges from $4 to §17 and averages 
$12 ; to this comes 1 export duty. The total stock of nitrate ’ 
in the north of Chili is estimated at 245,827,000 tons, which 
would cover the present consumption for tfie next fifty years. 

Further reports on the Chilian nitre industry have been 
made by the United States Consul ( /. Ind. Eng. Chan., 1909, 
pp. 45-47) and by the German Consul # in Antofagasta {Chan. 
Ind, 1911, p. 760;. In the; year 1910 there were in Chili 455 
nitre-factories (“ oficinas ”), of which only 100 w'ere actually at 
work—65 factories belonging to English, 53 to Chilian, 15 to 
German firms. 

The nitre-bearing rock, called calu’hc, is found in layers of 
from 10 in. to-5 ft. in depth, which rarely crop out at the 
surface. The overlying rock, called avs/rn, is 18 in. to 7 ft. thick, 
and consists principally o 4 a hard conglomerate of sand, felspar, 
phosphates^ mid other minerals, " • 

The composition of the caliche varies; it coqtaintf ^rom 48 
to 75 per cent. ofsodiTim nitrate, 20 to 43 per .cent, of sodium 
chloride, and varying quantities of'sodiuyi sulphate, calcipm 
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sulphate, .potpsium nitrate, potassfum iodate, magnesium 
chloride, insoluble earthy portions and organic substance 
(guano). It is first broken by a stone-breaking machine, and 
then ptit into the' cjfssolvers. These are partly open square 
tanks, preferably, however, closed egg-shaped boilers with two 
manholes—one on the top for filling in the caliche, another at 
the bottom for emptying the' residue. The mass rests on a 
perforated bottom. The boilers are filled entirely with the 
broken rock, and half with mother liquor, and were formerly 
always heated by'direot steam injected below the false bottom. 
After one and*a quarter to two and a fialf hours the liquid, then 
sufficiently saturated with nitre, is run into settlers; from these 
it fixiws, after several houqs, into a second settler, \vhere, by half 
an hou.' '•est, it allows some still-suspended common salt to 
subside, and tuen runs info shallow coolers. The residue from 
tfie dissolvers, which s/.ill contains 15 to 35 per cent, of s'odium 
nitrate, is either emptied at once or .boiled afjain with fresh 
water. Tke*crystals, separated in the coolers after draining off 
the mother liquors, are spread in layers of 12 to iVi in. thickness 
on a large sui'facc exposed to draught, and dried with frequent 
stirring. The total cost of sodium nitrate, up to its reaching 
European ports, in 1871, amounted to £iS, i8s. per ton, which 
' left a good margin for profit at the average price of .£12 (it has 
reached £16 and more). At present both the producing and 
selling prices are much lower. 

The above-described system of dissolving by open steam 
was afterwards abandoned for closed steam-coils or similarly- 
acting apparatus ; aMfye same time air heated to r 20° to 150 C. 
is farced through the liquid by meags of injectors, in order^to 
hasten the evaporation. This produces both stronger and purer 
liquors, the quantity of sodJium chloride being the same in the 
stronger as in the weaker liquor. 

Fairweather (as communicated from Beaver and Norden- 
flycht, B. P. 7478 of 1906) describes an improved arrangement 
of the dissolvers for calichei 

The composition of the crude nitre-earth is shown by the 
following analyses (see Table, p. 127). ' ' N 

The Analyses a and b (a white* b brown caliche) are by 
Machattic ( Chei/i. .AVry.c, xxxi. p. 263). ' They are somewhat 
suspicious, both t>n /recount of tli§ total absence of potassium 
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salts and of the extremely improbably high percentage of 
sodium iodate. This is all the more noticeable as Machattie 
at the same time states the average percentage of iodine in five 
samples of mother liquor to be = 0-56, equal tb 0-873 per’cent. of 
sodium iodate, which may be nearer the truth. The analyses 
c, 1/, and c are by V. L’Olivicr ( Comptes' rend, 26th October 
1875). The analyses of caliche by Dafert in Momttsh., 1908, 
pp. 235 ct seq., show nothing new in that respect. 



• 

• 

Calielm. 


Uostra 
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• 

ll. 
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Sodium 

70-62 

bo 97 j 

51-50 

49-05 

i8-6o 

Sodium lod.ite 

l-f)0 

073 


... al^ ... 

Sodium iodide 



Ir.ii 
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Sodium cidonde 

22-39 

16-85 

22 - 0,3 

29-95 

38-80 1 

Sodium sulphate 

i- 8 o 

4 * 5 b 

S-gq 

9-02 

16-64 

Potassium chloride. 



8-55 

4*57 

2-44 ’ [ 

Magnesium chloride 



o- 4 i 

1-25 

1-62 

Magnesium sulphate 

0 51 

5-88 
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Calcium sulphate . 

0-87 

I- 3 1 

r 
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Calcium caibontite . 



0-12 

0-15 

0-09 

Silua and fenic oxide .• 



O-gO 

t'2-8o 

3-oo 

Insoluble 

0-92 

4-06 

6 -oo 

3 -iS 

20-10 

Moisture 

• 

0.99 

5-r,+ 




Total . 

100-00 

100-00 





1 he iodine contained in the mother liquors is now recovered 
to a great extent, and forms 011c of the principal sources of this 
article. * , 

Graeff {ling, and Min.J., 1910, p. y3j desefibes the nitre- 

beds of the California Nitrate Co. in the East of San Bernardino 

•* 

County (South California), occupying over 12,000 acres; he 
gives an analysis of samples from Shat locality, showing from 
7-2 to 22-6 per cent. NaN() 3 Owing to the abundance of water, 
this deposit would be more easily worke’d than the Chilian fields. 

A rich deposit has been discovered in the Mohave Desert, 
of which, according to Eng. and Min. /., 1903, p. 186, about 
21,000,000 tons are.visible; but “this figure is likely.to be 
revised.” Reports on rich beds of nitre in the Colorado River 
district have been .shown to be grossly exaggerated b^*Turner 
{Z.angeiv. Chew., 1907, p. ^157). s 

Another bed of nitrate of^s-oda hats been^fu^nd in the Soujh- 
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American §tate of Colombia ( /. Soc. (Stem, hid., 1894, p. 1001). 
It fe about 100 km. distant from f?an Juan de la Cienaga, and 
had been proved ep to that time for a surface of 75 sq. km. It 
has a thickness of frfem 30 cm. to 3 m., and averages 1 r to 12 
per cent.' NaNO.,, together with calcium carbonate, calcium 
sulphate, and silicate. The recoverable nitre is estimated to 
exceed 7,000,000 tons, but none of it is as yet in the trade. 
Another bed has been discovered in Texas; this is stated to 
contain 98 per cent, pure nitrate (Chon. Ind , 1902, p. 265). 

A deposit of 'potassium nitrate has been found near Cocha¬ 
bamba, in liolit ia (Sacc, Camples rend., xeix. p. 84). This deposit, 
reported to be enormous, but not yet worked, consists of 60-70 
per cent, potassium nitrate, 30-70 borax, a little salt and water, 
8-6o orgTrdc substances. On dissolving the saline mixture in 
hot water ana pooling, puite potassium nitrate crystallises out. 

The exportation’of jiitrate of soda from Chili during recent 
years has been as follows < * 


• 

« 

1898. 

150 ( i 

1000. 

W01. 

* 1902. 

‘ 

Tons 

Tons. 

- 4 

Tons. 

Tons 

Tons. 

Continent of Europe 

United Kingdom 

United States . 

Othei countries 

904.500 

132.500 
12 5,000 

16,000 

981,000 

l 21,000 
133,000 

2 5,000 

1,026,000 

1 26,000 
170,000 
28,000 

1,036,000 

I l8,000 
192,000 
l8,OCO 

897,000 

111,000 
185,000 
l6,000 

Total . 

Price on 31st Dec., per c\U. 

1,178,000 

1,260,000 

1 7s. 9d. 

1,350,000 

8 s. 6d. 

1,364,000 

93. 

1,209,000 







r 

\ 

, 1*10(5 

li>07. 

1008. 

■1*109. 

1910. 


Tons 

Tons 

Tons. 

Tons. 

Tons? 

Prod m tion 

Consumption in Europe . 

,, in United States 
„ in other countries 

J,8oo,Sl9 

i, 335,689 
330.805 
• 40,'jor 

1,816,917 

1,247,540 

34 1 .-470 
27475 

2,087,564 

1,644.505 

326,818 

55,367 

2,239.723 

I>5 8 3,278 

453,831 

70,401 

2,625,000 

1,651,000 

510,000 

89,000 

Total consumption . 

1,702.399 

» 

1,636,187 

2,026,690* 

• 

2,101,510 

2,250,000 


In 1903 thetAmerican statistician, Vergara, estimated that if 
the consumption of nitrate of soda,went cm increasing at the 
same rate as hitherto, the Chiliar^bedsf would be completely 
exhausted in 19^3. 
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Bernthsen (Z. angelb. Chan., I9C|), p. n6p) states the 
exportation of nitre from Chilfin 1908= 1,730,000 tons, of which 
Germany consumed 450,000 for agricultural purposes anc 
150,000 in its chemical industries. * ' 


Exports ami Imports of Nitrate of Soda from and into the 
United Kingdom (from'the /line book for 1910). 



11(00. 

1007 . 

1908 . 

1000. 

1010. 

ImpoHs . ions 
Kxportb . „ 

108,486 

4,725 

• 

113,894 

6,529 

145 . 7*4 

IO,£6 2 

(JO, 207 
6,917 

126498 

7,133 


Germany in 1910 imported from Norway 780 tons nitrate 
of soda (against 825,000 tons she go*t from Chili) an'M'f^CS 
tons nitrate of lime. , , *^ 

Statistics of previous years arc given in the former editions 
of this book. • 

When emptying nitrate of soda from the bays a certain 
quantity*of the salt, which is always damp, remains adhering to 
them ; this not only anises loss, but renders thera useless, and 
even produces a danger of fire. It is therefore well to lixiviate 
the bags with hot water and to dry them. The solution is 
evaporated to a small bulk and crystallised. The mother 
liquor from this operation is always very rich in chlorides, 
which seems to show that the deliquescence of sodium nitrate is 
not a property of the pure salt, but is owing to the magnesium 
and calcium chloride contained*in it, since the dampest salt will 
adhere to the bags. The washed and dried bagl should not be 
stored in quantity, as they are still very Inflammable. 

"I Composition of Comnnhial Nitrate of Soda. —R. Wagner 
(. Jahrcsber ., 1869, p. 248) found in commefcial nitrate of soda:— 


Sodium nitrate 

94-03 

„ nitrite 

•• • o-3i 

,, chloride 

1-52 

Potassium chloride 

0-64 

Sodium sulphate . 

• . 0-92 

„ iodqte 

. ^ 0-29 

Magnesium chloride * . 

• * *0-93 

lionc acid # 

traces 

Moisture , 

. - 1*36 

* * ibo-oo 
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The njtra^e of sodSL imported iiko England, as used by 
vitriol-makers, is much purer than the above sample. "I he 
English sellers mostly guarantee a maximum of 5 per cent, 
“refraction” (that i#-the total percentage of all foreign con- 
stituents,‘inclusive of water), frequently, however, 4 or even 3J 
per cent, refractioil English vitriol-makers would, indeed, 
altogether refuse nitraty containing upwards of 3 per cent, of 
Chlorides, like that analysed by Wagner, 1 per cent, being the 
maximum allowed. The hydrochloric acid generated from 
them, of course, gives, >vith nitric acid, free chlorine and its com¬ 
pounds with ‘nitrogen oxides, and causes a loss of the latter. 
The average composition of nitrate for chemical works is— 

v 96 sodium nitrate (including nitrate, iodate, eke.), 

'•'•it, 0-5 chlorides (calculated as NaCl), 

0-7,5 sulphates (calculated as NaSO,), 

275 moisture. . 

< 

Gilbert ( Z. tins'ew. Chau., 1893, p. 4^5) pointed out that the 
Chilian njti'e always contains, and always has contained, some 
potassium nitrate. He states that the percentage ot KNO :j 
rarely exceeds 5 per cent., and the deficiency of nitrogen caused 
thereby is more than compensated by the value of the potassium 
for agricultural purposes. The old method of testing for 
“refraction” is obstinately adhered to by the producers, and is 
preferred by Gilbert to the direct guarantee of 15-57 per cent, 
nitrogen demanded *by the agricultural control-stations. Jones 
(Joe. eit., p. 698) mentions that he had met with nitre containing 
much more potash; but this nitfe, which is recovered from the 
bilge-water offthe carrying vessels, occurs only quite exception¬ 
ally (cf. below). ftiost sulphuric-acid manufacturers do not 
share Gilbert’s opinion: see below.’’ 

An impurity fornter!}* entirely overlooked In commercial 
nitrate of soda consists in perchlorate and chlorate of sodium. 
Beckurts {Arch. Phurm ., ccxxiv. p. 323) found in all descrip¬ 
tions of commercial nitre small quantities <jf chlorates and 
perchlorates, and this has-been confirmed ffom all sides. A 
large number of iliethods have been^levised for estimating the 
perchlorate {cf t Lunge-Kcane’s Technical''Methods of Chemical 
Analytic, vol. i. pp. 319 et feq.), all of v^hich arp practically founded 
upon convening the perchlorate into ehloride, preferably by 
fusing the nitra\e with’lime or sodium carbonate and manganese 
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peroxide, estimating the chloride inf the ordinary way, and 
deducting the chloride previously existing in the nitrate. • 

In order to manufacture nitrate of sod'a free from per¬ 
chlorate, which does not occur in the fit,st crystallisation, but 
accumulates in the mother liquors, and after using these three 
or four times over contaminate^ the nitraft: crystals up to i per 
cent., Foelsch & Co. (Ger. P. 125206) cods down the impure 
mother liquors to 6 ' C., 1 cbm. of which then furnishes 160 l?g. 
of a mixture of salts, containing 150 NaN 0 3 and NaClO.,. The 
new mother liquor, whcn^employed for ^dissolving crude nitre, 
at first furnishes nitrate free from perchlorate. * 

Egor (Ger. P. 165310) for the same purpose treats the crude 
nitrate with just enough cold water jo dissolve all the NaNO.„ 
but to leave all potassium nitrate and perchlorate beKutf. 

. Analysis of flit rate of SMi. 

In the laboratories working for the importers of nitrate of 
soda the value of nitrate is mostly only cstimaUd, indirectly, 
viz., the “ refraction.” Ten g. are well dried in a porcelain 
capsule, weighed again, dissolved, the residue (if any) is 
estimated, the liquid dissolved to a certain volume, and in 
separate portions of the liquid the chloride and sulphate are 
estimated in the usual way. The sum total of moisture* 
insoluble residue, sodium chloride, and sodium sulphate is 
called the “ refraction,” and it is assumed‘that the remainder is 
real sodium nitrate (of. p. 130). 'This may, however, lead to very 
erroneous results, where, for fnstance, the nitre contains some 
potassium nitrate. A case in point has been described by me 
in Chem. Ind., 1883, p. 365^ where an error amounting to 3 per 
cent, was caused in this way. Perchlorate causes also errors; 
and altogether it stands to reason tjat the consumer of nitrate 
receives justice only by a real determination of the nitric acid 
contained in (or, more properly speakirtg, to be evolved from) a 
sample‘of nitrate. On the other hand, the interests of the 
importers and Sealers in nitrate, are quite in the opposite 
direction. According to. Fischer's fahresber., 1899, p. 407, the 
Hamburg importers insist Spoil the “indirect^’ (i.e., altogether 
deceptive) analysis, and.wa.nt the pe'rchlorate Uq be ce tinted as 
nitrate. • 

The direct analysis, i.e., the estimation ot the NaN 0 3 (or its 
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equivalent,of £N0 3 ), ca^t be carried oht in many ways, a com- 
plote enumeration of which is foul'd in Lungc-Keanc’s Technical 
Methods of Chemical A nalysis, vol. i. pp. 3C9 ct scq. A morig these, 
those ntostly used'are the Schloesing-Grandeau and the Ulsch 
methods '(cf. below, in the section on Nitric Acid), blit at 



sulphurfc-acid works the method nearly always 
employed is Lunge’s “ nitrometer method which is 
carried out as follows: 1 — 

Dissolve a good-sized sample, say 20 to 30 g., 
of the nitfatc in twice its weight of water, employ¬ 
ing a flask of known contents and heating very 
gently. Weigh out a quantity corresponding to 


about 0 4 g. NaN'O , in an ordinary weighing-glass 
or in a tube with stopcock, as employed for testing 
fuming sulphurie acid (Fig. 9). Run its contents 
0 into a nitrometer, either a 

( |l y™ " bulb-nitrom£ter,” as shown 

0 j( in Fig. 10, or, preferably, 

f t; ! ° the non-gradiufted agitating* 

0 'V JP I L (> vessel "connected with a 

| Lunge’s gas-volumeter, to be 

II |o described in'the next chapter. 

//•''(It- In the latter case no observa- 
T„„ tion of temperature and bar- 

Ai ometric pressure nor any 

Ji M Sf 1 reduction tables are required. 

J I Do not rinse the weighing- 

^ 4 I tube (which would dilute the 

T liquid too much), but weigh it 

l back as it is. Decompose 

the solution within the nitro- 


Fio. 9. Fig. 10. meter with a sufficient quan- 


‘ tity of strong sulphuric acid 

and mercury, and measure the nitric oxide given off as will be 
described in the next chapter, where also a fable for reducing 
the readings to Na'NO., will be given.# 

1 1 * , ' 

1 Th% nitrometer in its use for the analysis of nitrous vitriol will be 
described in Chapter III. 
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7. Nitric„Acii>, NfxH. 1 

This may be called one of the raw mr-terials of vitriol¬ 
making, although a manufactured product its'elf, in those works 
which employ it in lieu of solid nitrate of soda. 

Nitric acid proper (the monohydrate) has the equivalent 
63-02 (Q = i6), and may be said to contain, as formerly ex¬ 
pressed, 85-71 nitric anhydride (N., 0 .) and 14-29 water, ks 
sp. gr. is 1-54 at 20°, or 1-55 at 15“. It is colourless if perfectly 
pure; but the strongest acid*of commerce is always coloured 
yellow, or even red, by a*partial decomposition iirfo oxygen and 
nitrogen peroxide, N,(), (hyponitric acid). Its boiling-point is 
86° C. On boiling-an acid containing a little water, at first 
strong acid distils over, till the boiling-point of the r*-.,minder 
has reached 126 , at which poiut the thcrmfip.oter remains 
stationary, and an acid of constant comgosftion for any certain 
pressure distils«over. Exactly the same point is reached from 
the opposite side by distilling more dilute acids, in' which case 
water distils *>ver, and the remaining acid becomes more and 
more concentrated, till the above stationary point is reached. 
The acid at that point has nearly the composition 2NO..II -t- 3 H .,0 
(corresponding th 60 N.. 0 ,. and 40 ILO) and a sp. gr. of 1-42. 

Erdmann 1 Z. anorg. Chcm., xxxii. p. 431) asserts having* 
isolated several hydrates of nitric acid in a crystallised state, 
but Kustcr and Krcmann {ibid., xli. pp. f-42) strongly contra¬ 
dict his statements. That question has no technical interest, 
wherefore we abstain from goifig into.it. 

lhc following table shows the boiling-points^of nitric acid of 
various strengths * 4 
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bor the,percentage ofSiitric acid for'different specific gravities, 
Kolb ( Bull Soc. Ind. Mu/house, 1^86, p. 412) has given a table 
which is now rendered obsolete by the more accurate tabic given 
below, which is derivp^l from the experiments of Lunge and Rey 
{Z. angew. Chem., 1891, p. 165). The specific gravities are 
taken at 15" C., referred to wpter of 4 0 and reduced to the 
vacuum, they refdr to chemically pure nitric acid ; commercial 
acid, containing nitrous acid, etc., contains less real HNCf, at 
the same specific gravity. 
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Specific 


100 parts by weight contain 

1 htto contains kg. 


I)egrces 




A 

1 b" 

Tvvad. 





»t r . 


NyOft. 

UNO.;. 

Is 2 () r , 

IINOjj. 

1-200 

40 

27-74 

32-36 

- 

0-333 

• 0-388 

1*205 

41 

28-36 

33-09 

. 0-342 

0-399 

1*210 

42 

28-99 

• 33-82 

o- 35 i 

0*409 

I-2I5 

43 

29-61 

34-55 

» 0.360 

0*420 

1*220 

44 

30-24 

35-28 

0-369 

0-430 . 

1-225 

45 

30-88 

36-03 

0-378 

0-441 

1*230 

46 

31-53 

36-78 

0-387 

0-452 

1-235 

47 

32-17 . 

37-53 

0-397 

0-463 

1*240 

48 

32.82 

38-29 . 

0-407 

0-475 

1-245 

+9 

33-47 

39-05 . 

o- 4 1 > 

0*486 

1-250 

s° 

34-13 

39-82 

0-427 

0-498 

1-255 

51 

34-78 

40-58 

0-437 

0-509 

I -260 

. s 2 

35-44 

41-34 

0-447 

0*521 

1-265 

53 

36-09 

42-lt> 

0-457 

o -:53 

I-270 

54 

36-75 

42.87 

0-467 

0.544 

1-275 

55 

37-41 

.43 4 m 

0*477, 

0-566 

I -280 

56 

38-07 

44-41 

• 0-487 

0-568 

1-2% 

57 

38-73 

45-18 . 

0-498 

0-581 

I*290 

J8 

39-39 

45-95 

0*508 

0-593 

1-295 

59 

4*>-05 

46.72 

0.519 

0-605 

1-300 

60 

40-71 

47-49 , 

0-529 

0-617 

1-305 

• 6l 

4‘-37 

48.26 

0*540 

0-630 

1-310 

62 

42*06 

49-07 

0-551 

0-643 

1-315 

63 

42-76 

49-89 

0*562 

0-656 

1-320 

64 

43-47 

5 °- 7 I 

0-573 

0*669 

1-325 

65 . 

44-17 

51-53 

0-585 

0-683 

1-330 

66 

44.89 

52-37 

0-597 

0-697 

1-335 

67 

45.62 

53-22 

0.609 

0*710 

1*340 

68 

46-35 

54-07 

0-621 

0-725 

1-345 

69 

47.08 

54-93 

0-633 

0-739 

1 -3 5 ° 

70 

47.82 

55-79 

• 0-645 

0-753 

'•355 

7 ' 

48-57 

, 56-66 

0-658 

0-768 

1 -360 

72 

49-35 

57-57 

0-671 

0-783 

1-365 

73 

50-13 <1 

58.48 

0*684 

0-798 

1-370 

74 

50-91 

59-?9 

0*6oj$ 

0-814 

1-375 

75 

51.69 

60-30 

0.7/1 

0-829 

1-380 

76 

52-52 

6l*27 * 

* 0-725 

0-846 

, 1-385 

77 

53-35 

62.24 

0-739 

o *865 

1*390 

78 

54.20 

63-23 

0-753 

0-879 

1-395 

79 

55-07 

64*25 * 

0-768 

0-896 

1*400 

80 

55-97 

65.30 

0-783 

0-914 

t- 4°5 

81 

56-92 

66*40 

o-8oo 

0-933 

I- 4 I 0 

82 

57.S6 

67-50 . 

o*816 

0-952 

I- 4 I 5 

83 

58-83 

68-63 

0-832 

0-971 

1*420, 

H 

59-83 

69*80 

0*849 

0-991 

1-425 

85 . 

60*84 

70-98 

0-867 

1*011 

1*430 

86 

61-86 

7*17 

0-885 

1-032 

1-435 

87 

62-31 

73-39 

0.903 

1-053 

1-440 

88 

• 64.01 

74-68 

0.921 

i*o 75 

1-445 

»• 89 

65-13 

75-98 

• 0 -&I 

1-098 

1-450 

9 ° 

66-24 

77-^8 

0-961 

, 9-121 

1-455 

91 

„ 6?-33 

78*60 

0-981. 

1-144 

I *460 

92 

* 68-56. 

79.98 

1*001 

1-168 

1-465 

93 

69-79 , 

81-42 * 

‘ 1 - 1*13 

M 93 

— 

__ 

• 


• 

• 
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Specific c 
Gravities 

f 

Degrees 

Twad fc 

- \ €- 

KHTparts i>y weigty contain 

1 litre contains kg. 

at 15 '. 




4 

4 ' 


NjO.v 

UNO... 

NoO-,. 

HN 0 3 . 

1-470 * 


71-06 

82-90 

1-045 

1*219 

1*475 

95 

.. 72-39 

84.45 

1068 

1-246 

1-480 

96 

/ 73-76 

• 86-05 

1092 

I.274 

1-485 

97 

*• 75-18 

87-70 

I •! l6 

1*302 

r. I * 49 ° 

98 

76-80 

89-60 

1-144 

1-335 

1-495 

99 

78-52 

91-60 

1-174 

1-369 

1-500 

100 

80-65 

94-09 

1.210 

1-411 

r.501 

... ♦ 

81-09 

.94-60 

1-217 

1-420 

1-502 


• 81-50 

95-oS. 

1-224 

1.428 

i- 5°3 

*... 

81-91 

95-55 

I-23I 

1-436 

1 - 50 -t 


82.29 

96-00 

I -238 

1-444 

1-505 

101 

82-63 

96-39 

1-244 

1-451 

1.506 


82-94 

96.76 

1-249 r 

1-457 

1.508* 


83-^5 

97-13 

1-255 

1-464 

... 

83.58 

97.50 

1-260 

1-470 

1-509 


83-87 - 

97-84 

1-265 

1-476 

1 - 51 ° 

102 

84-09 

9 S-I 0 

1.270 

1-481 

, 1-511 


« 84*28 

98.32 

1-274 

1-486 

1-512 


84*46 

9 - 8-53 

1-2 7 V 

1.490 

I- 5 I 3 

« 

84-63 

98-73 * 

1-280 

1-494 

1-5 >4 . 


. 84 - 7-8 

98-90 

1-283 

. 1-497 

1-515 

103 

84-92 

99-07 

1-287- 

1.501 

1-516 


85-04 

99 -’-i 

1-289 

i- 5°4 

1-517 

« 

85 -I 5 

99-34 

1-292 

1-507 

1-518 


85-26 

99-4 6 

1-294 

1.510 

1-519 


85-35 

99-57 

1-296 

1.512 

1-520 

104 

85.44 

99-67 

1-299 

1-515 


Correction of the observed speeifie gravities for temperatures 
a little above or below 15" C. 


With sp. gr. 

between 

t 

T-d.Ki 

to 

1-020 

Add for - 1 " C. 
Dedur l for + 1 1 C 
oooor 

11 

ii 

1-02 1 

11 

1-040 

0*0002 

11 

11 • 

1-041 

11 

1-0/0 

0*0003 

11 

11 

1.071 

”e 

1-100 

00004 

11 

11 

I-IOI 

il 

I-I 30 

0*0005 

11 

* 

ii 

1-131 

11 

Il 60 

0*0006 

11 


I-161 

il 

1-200 

0*0007 

11 

» t 

1-201 

11 

1-245 

0*0008 

11 

11 

1-246 

11 

I-280 

0*0009 

It 

ii 

I-28l 


1-310 

* 0*0010 ' 

11 

ii 

I- 3 'I 

)l 

i- 35 ° 

0*001 I 


ii 

1-351 

!» 1 

1-365 _ 

0*0012 

11 

ii 

1-366 

11 

1-400^ 

q*ooi3 


11 

I-40I 

„ 

1*435 

0*6014 

11 

n 

1-436 

11 

f- 49,0 

0*0015 

11 

11, 

1 - 49 ' 

•„ 

1-500 

00016 

11 

” 

I- 5 OT 

11 

1-520 

0*0017 
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A controversy on the*specific gravities of nitric aoid arose in 
1905 between Winteler and Lunge. Winteler {Chan. Ztit., 
1905, p. 689) asserted that in Lunge and Key's table errors 
occurred up to 2-5 per cent., and he gate a new table of his 
own. Lunge {ibid., 1905, p. 933) replied to Winteler, refuting 
all the objections made by this chemist To Lunge and Rey’s 
table, and pointing out that the latter pgree's very well with the 
tables of Veley and Manley ( /. Soc. Chan, hid., 1903, p. 122;?), 
and of Ferguson. Winteler replied to this {Chan. Zcit ., 1905, 
p. 1009), and Lunge made a final reply {ibid., p. 1072) which put 
an end to the controversy. • * 

A table of the specific gravities of nitric acid by Putzer 
{Chan. Zeit.,A 905, p. 1222) so nearly agrees with that of Lunge 
and Rey that it is unnecessary to repeat it t here. Exactly 
the same holds good of the table - given by W. i' . Ferguson in 
J. Soc: Chart, lnd., 1905, p. 788. Cf. alao Veley, Chan. New q 
19II, civ. p. 309. 

Loring Jackson and Wing, and a little later on.R. Ilirsch 
{Chan. ZiV/.,*i888, p. 911), have shown that the presence of 
lower oxides of nitrogen in nitric acid has a considerable influ¬ 
ence on its specific gravity. Thus the first runnings from a 
distillation possessed a sp. gr. = 1-62, but contained 12 per 
cent, by weight of IINO.,. Hirsch assumes (without strict* 
proof) that every per cent, of HN(L raises the specific gravity by 
O’OI. If this were correct, an acid of sp. gr. 144, but containing 
1 per cent. MN 0 2 , would really contain only 99 per cent, of 
UNO., of sp. gr. 1-43. Now 100 g. of pure acid of 1-44 arc = 74'4 
g. UNO.,, but 99 g. of 1-43 only = 71-0; Jiencc lh*e 1 per cent, of 
HNCL present makes a difference of 3^4 per cent, of UNO, in 
the real strength, compared with the apparent strength as taken 
from the specific-gravity tables. I 

This subject has been more accurately investigated by 
Lunge and Marchlewski. From their ‘paper {Z. angew. Chau., 
1892, p.'io) I give the following table (sec p. 138), showing this 

influence in the case of nitric acid of sp. gr. ,'-4960 (at I- j, ). 

, \ 4 *' 

Saposchrfikoff {Chem. Centr., ipop, ii. p.’ 7C&, and ^)Oi, ii. 

p. 133 °) has studied the'conditions of equilibrium‘between 
HNO.j, HNOjj and NO, i.&, the formation of JINO., and NO 
from HNO,, and the reduction of Iift 0 3 b^ N£) to IIN 0 2 . . 
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Schalle.r ( Qhem. Ze\., 1904, p. 594) found in commercial 
fuming nitric acid from 7-5 to fy? per cent, lower nitrogen 
oxides, calculated as N„ 0 4 , and from 0-5 to 8-i per cent. H 2 S 0 4 . 

An'investigation On the conditions of the equilibrium among 
nitric acid, nitrous acid, and nitric oxide has been made by Lewis 
and Edgar (/. A inch Chew. Sc\. s 1911, xxxiii. pp. 292-299). 


no() 4 

per cent. 

Alleiation of 

N.,0, 
per cent. 

. •*_ 

Alteration of 

sp. gr. of nitric :icid 
by NoOj. 

up. gr. of nitric acid 
by 

0.25, 

<>00050 

6'5*j 

OO4475 

0-50 

0*00075 

700 

004650 

075 

000150 

7-25 

004720 

r-oo 

0*00300 

7.50 

005000 

1-25 

0-00415 

7-75 

005165 

1-50 

000675 

H.oo 

005325 

1-75 ' 

OOO775 

8.25 

005500 

200 ^ 

001050 

8-50 

005660 

2-25 

* 001250 

875 

005825 • 

2-50 

OOI425 

9-00 

<3,-06000 

2-75 

OOI625 

9 - 25 . 

006160 

3-c*. 

3*25 

001800 

9-5° 

006325 

<>01985 

9-75 

0*96500 • 

3 - 5 ° 

002165 

10*00 

0 *06600 

3’75 • 

002350 

10*25 

006815 

4-00 

002525 

10*50 

006975 

4-25 

002690 

i °-75 

007135 

4-50 

002875 

T I *00 

* 0*07300 

475 

003050 

11-25 

007450 

5 •00 

003225 

11*50 

007600 

5'25 

003365 

”•75 

007750 

5 - 5 ° 

% 003600 

1200 

007850 

5-75 

003775 

12*25 

008050 

6 -oo 

003950 * 

12*50 

008200 

6.25 

004175 

,. 12*75 

008350 

6’5o 

V 

004300 




Mixtures of nitric and sulphuric (h id have been studied^by 
Saposchnikoff {Chan. Centr ., 1904, i. p. 1322 ; ii. pp. 396 and 685). 
He observed the partial jx'cssurc of HNO ;j in mixtures made 
with increasing quantities of H 2 SO.„ the composition of the 
vapours carried away by air at 25 ) the density of these vapouns, 
and their specific conductivity. His observations proved that 
no chemical compound of liitric and sulphuric acid is formed, 
but in the case of a large quantity of sulphuric acid some 
anhydrous N 2 0 ‘ is‘formed, The vapour pressure Of nitric acid 
is reduce'd by .the addition of sulphuric Scid ;• the vapours consist 
at first of pure JIIVO.,,.later on partly of N„ 0 S . He also deter¬ 
mined the speci§c gravities of suip mixtures and their specific 
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conductivity. The spe?ific gravity |*hows a t ma;cimum at 
about 90 per cent. H 2 SO,, o wring to the formation of N 2 O s ; 
above 90 per cent. II 2 S 0 4 the density decreases owing to the 
interaction of II 2 S 0 4 with the nitrogen oxides. A continuation 
of this work was published by the same author in 1905 (Chew. 
Centr., 1905, ii. pp. 381 and 1152; J. Sol. Chew. Int /., 1905, 
p. 1031). In all these mixtures the vapours consist of pure 
IINO s ; hence the admixture of sulphuric acid increases the 
concentration of the nitric acid, and makes its nitrating action 
more energetic. The composition of tfye mixture, possessing 
the highest vapour tension, is : sHN 0 .,+ 2 lLS 0 1 *f 3 H., 0 . 

The oxidising properties of nitric acid are well known and 
cannot be described in detail here; but it should be mentioned 
that an acid containing the lower oxides of nitrogen, such as 
the “red fuming nitric acid,” has ever, more strongly oxidising 
properties than the pure acid, and this Jrelps to explain some 
points in the flieory of the formation of sulphuric acid, as we 
shall see in a subsequent chapter. ’ t 

Reynolds tmd Taylor ( Chem. A 7 ezvs , 1911, civ. p. 31 5) exam¬ 
ined the decomposition of nitric acid by the action of light. 

•Manufacture of Nitric Acid. 

This acid has been known since the times of Geber, in the • 
eighth century; and Raymundus Lullus in 1225 taught how 
to prepare it by distilling’ a mixture of clay and saltpetre. 
Nowadays it is always made by* distilling nitrate of soda with 
sulphuric acid, an excess of thelatter acid beyond the thcoretica 
quantity being used in practice. The equation: 2NaNO,,+ 
H,,SO, — 2 11 N 0 .,+ Na 2 S 0 4 , in theory requires for 85 parts 
of NaNO., 49 parts of S 0 4 H 2 , and yields 63N0 3 II along with 
7 iNa,,S 0 4 ; this comes to the samejas £7-6 parts of SO,lf,„ or, 
say, 60 parts of ordinary strong oil of vitriol (with 95 per cent, 
of S 0 4 II 2 ) to 100 parts of 95-per-centf nitrate. If these pro- 
portions-arc used, a portion of the nitric acid is always decom¬ 
posed into 0 and N 2 0 4 , and rec^ fuming acid is obtained, 
lhis arises from the fact that the above'equation is only 
realised at ^high tSmperatifre, whilst at less elevated tempera¬ 
tures sodium bisulphate js ,formed: NaN 0 3 +ILSO, = ffNO :j + 
NaHS 0 4 . Moreover*the presence of strong sulphuric acid, 
owing to its attraction for the dements of water* has a tendency 
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to split up some HNO.,\,'nto H 2 0 and N,O s , the latter compound 
being at once decomposed into" N, 0 4 and O. To avoid the 
loss involved in this operation, generally more dilute nitric is 
produced by employing weaker sulphuric acid, say of 140'’ to 
148° Tw., and more than the theoretical quantity of it, generally 
from 20 to 30 per cent, in excess of the simple equivalent. In 
this case the admixture of a certain quantity of sodium 
bisulphate makes the residue of distillation much more easily 
fusible and facilitates its removal^ from the retorts. When the 
acid is made at factories where salt is decomposed, even more 
sulphuric acid than the above is generally employed, as the 
excess is not lost, the residual “cylinder-cake” or “nitre-cake” 
being regularly mixed wtfh the salt to be decomposed in the 
sulphate-pans ; in this case as much sulphuric acid is saved as 
corresponds tcKhe bisulphate’contained in the cylinder-cake. 

Nitric acid was formerly made in glass retorts, but'nowa¬ 
days cast-iron retorts are universally, employed. The retorts 
belong mainly to tvyo different types—horizontal cylinders, 
charged sideways, and pots or stills, charged from the top. 

The ordihary type of French cylinder apparatus, used in 
many places outside of France as well, is represented in Figs. 
ii and 12 on a scale of 1 125. The ends of the cylinders arc 
* here exposed to the air and consist of cast-iron disks, 11 in. 
thick, cemented into the rebates cast on to the ends of the 
cylinder by the usual rust cement (100 iron filings, 5 flowers 
of sulphur, 5 sal-ammoniac), or by a mixture of this with 
ground fire-brjeks and the like. At all events the back end 
is fixed in this waj/, jnd is provided with a pipe for taking 
away the vapours; the other end, is made to take off and 
serves for charging the nitre and discharging the residue. A 
hole and S-shaped funnel »in the man-lid allow of running in 
the sulphuric acid. These cylinder-ends cause a good deal of 
cooling, and consequently a loss of fuel, which can be avoided 
to a great extent if they are not made of* iron but of a 
single stone flag # each ; the charging-end also remains fixed 
in this case, the ^nitre being charged thrqugh a small general 
opening in it, ind'the residue being run off in liquid state 
through*a pipe generally closed bj» a* gj^flud-in iron stopper. 
A little more sqlpljuric acid is employed in this case, so as to 
obtain a very Jflui^ mass at th^ end. If sulphuric acid of 
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144 ° Tw.iis employed,\she receivers will contain nitric acid of 
Tf to 82° Tw.; if weaker acid fs desired, a little water is put 
into the receivers. The strongest acid, of ioo° Tw., can only 
be made from strong vitriol and dried nitrate. 

At first the cylinders are fired rather strongly ; but as soon 
as the first receivers get warmihe fire is slackened, and during 



eighteen hours is kepf so that of eight receivers only the first 
five are warm to the touch. If the heat gets up too high, the 
contents of the retort may boil over, ant) far more ruddy 
vapours will be formed. The end* of the reaction is known 
by the cooling of'the receivers; then the fire is increased again 
for a^iltle time, and at last is allowed tengo down. 

In regular work, some red vappurs are formed at first, but 
njuch less wi^h rather \keaker ’acid (say 135° Tw.) than with 
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stronger acid. At the did the red orjyellow v^poiys appear 
again and last up to the finish. 

The cylinders are sometimes cast so that" their upper half 
can be protected against the attack of tfie acid by lifting it 
with acid-proof bricks (see Fig. 13); but some believe that this 
does more harm than'good, as # the uppel* part of the metal 



Fig. 13. 


cylinder is all the less acted upon by the nitric acid the hotter 
it becomes. 

A more perfeut form of cylinders is that employed at the 
Gricsheiin works, and shown in full detail in Figs. 14 to 17 with • 
all the measurements marked in centimetres. 1 

These retorts work off 8 cwt. of nitre p*r twenty-four hours, 
with an expenditure of 2^ cwk of coal or very little more, 
inclusive of the time of filling and emptying. In case of need, 
25 per cent, more can be charged, without fear j,1f boiling over, 
with careful work. Such boiling over c 4 x«rs more easily with 
strc*>g sulphuric acid (of 1-84 sp. gr.) than with weaker acid 
(140" Tw.). The setting is so arranged that the fire-gases 
entirely surround the cylindrical part, and the ends are made 
of sandstone slabs, cemented and kept vi their places by iron 
bars pressing against them on the outside. In this kind of 
apparatus no corrosion takes placj, wherefore the arrange¬ 
ment shown in F'ig. 13 is quite unnecessary. The exit 
opening continues into a glass tube, forming connection with 

' *...•* 

1 These figures are (tfarn fro 11 Haussermann’s article "Nitric Acid,” in 

Muspratt-Bunte’s Enc. d . Techn. % Chcmie , 4th edition, vii. pp. 651 et seq . 
Some notes from this article are also given in the following pages. 

0 • • 
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the cundqnsirjg-appara^us. The arrangement for running off 
the nitre-cake is made quite clear in Fig. 14. 

The objection sometimes made to cylindrical retorts, that 



• , 

they do not c*a£ity permit the rtianufactftrc of 4he strongest 

nitric*;ftid, is refuted by'the experience i>f many years at the 
various works belonging to the Griesheim Company. 

The Societa Vogel in Milan ( 13 . P. 6846 of 1904) makes 


Fig. 14.—Longitudinal section. 
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nitric acid in- cylinder^ placed in tfie dust-chambers of the 

pyrites kilns. e ..... 

The other class of retorts, in the shape of pots or stills, is 
either'entirely surrounded by the fire, or with its top exposed 



FIG. 17.—Scclional plan. 


« 

to the air. The former kind, as employed in h ranee for very 
strong nitric acid, is shown in Fig. 18. It consists of cast-iron 
pots of from 4 to 5 ft. diameter and equal height, and a metal 
thickness of 1 \ to 2 in. (rather thicker at the bottom). There 
is a yide neck rt ' al t * lc top, closed by a lid, fastened on with 
a suitable cemfent; eg. a mixture of clay and gypsum. There 
is a !ube b for carrying away tbe-ga- either coming out 
perpendicularly at the top, as shpwn here, or bending away 
horizontally, as ir^a laboratory ( retort; this tube should be 
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lined with an earthenware tube as fa$ as it is at all liable to 
cool down below the point where the metal can be acted upon 
by nitric acid. Another tube c serves for introducing the 
sulphuric acid; this is preferable to running it in through the 
neck a, after charging the nitre, Sometimes there is no pipe 
provided for running out the liquid residue, but it is better to 
have one, as shown at d , and to protect this tube against the 
direct action of the fire by a fireproof co\ering. Where tin's 
is not provided, the liquid residue must be ladled out through 
a at the close of the operation, which js a disagreeable pro¬ 
ceeding. The pot is set in a furnace so that it* is altogether 
surrounded by the fire, even at the top, to which access is 
afforded for sharging by lifting off 4 fire-clay slab, or a metal 
plate filled with ashes, as shown at e. By this pecans a saving 
of fuel is effected, and the equal'heating of hhe retort causes 
it to Stand the action of the nitric aaid very well. A pot 
5 ft. wide and 5 ft. high.takes a charge of 9 cwl. of nitre, and 
requires from sixteen to eighteen ho;irs to work this off, 
including thcTime for charging and emptying. Of this time, 
one hour may be reckoned for charging and making the joints, 
six hours for the first stage, where red fumes appear, about as 
much for the second stage, where the vapours arc almost 
colourless, anti four or five hours for the last stage, where the* 
temperature has to be raised much higher, the yellow and 
red vapours appear again and more water comes over with 
the acid. 

That kind of pot where lire top* (with the, small hole) is 
exposed to the air is shown on a scale # of 1 : 6<? in Fig. 19. It 
forms part of the Valentiner vacuum system to be described 
below. The pot, for a charge of a ton of nitre, is composed of 
two parts. The outlet-pipe for tkc nitre-cake runs almost 
horizontally, so that it is easily cleaned. The gas-pipe first 
enters a small receiver, destined to keep* back any froth carried 
over. Such a vacuum retort is finished in twelve hours, with 
about 4 cwt. of coal per ton of nitre* 

A good cement fof permanent joints against nitric acid#in the 
retorts consists of 10 parts powdered volvic lava, 7 iron filings, 

7 powdered brimsttyic,* > fire-clay, 10 ground fire-bricks, 
moistened with as little water as possible. If.cajefully stemmed 
into the joint, it becomes very* hard. 
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A cement for the eartlienware pipe% etc., in the condensing- 
apparatus can be made from 5 parts hot linsced-oil, 2 parts 
brimstone, 2 parts india-rubber scraps, and enough sulphate of 
baryta to produce a thick paste, which iVemployed in the hot 
state. 

The most universally employed cement for nitric acid (and 
other acids) is asbestos cement. Guttrrann gives the following 
prescription for preparing it:—One part of the usual 33 per 
cent, solution of silicate of s^da is dissolved in 19 parts water, 
and asbestos powder is kneaded with it, in small quantities at 
a time, until a tough paste is obtained. Should a cement be 
required which will become very hard, a little finely powdered 
barium sulplmte is mixed with it; but this is not desirable where 
pipes have to be changed, as this cement canno* be removed 
without risk of damaging the pottery. If too h't f le water is used 
from the first fc the water absorbed by the cement will cause 
it to swell and to burst tfie sockets. The cement is applied in 
small bits, and tightly pressed in by means of a piece of wood 
with a blunt-ended tool. The surface is flattened and moistened 
with some silicate of soda solution. If the putty in the sockets 
shrinks, about •? in. of it is raked out and fresh cement 
put in. 

Asbestos c'-ment must never be treated with pure water to* 
begin with, but with acid or acid fumes, in order to ensure its 
setting by the separation of silica. 

Sad tier [Chem. Trade J, xxxiv. p. 517) gives a general 
description of such cements or “ lutas.” , 

Guttmann (/. Soe. Chem. Ind., 19^8, p. 668) reports that 
nitric acid stills are now made much larger than formerly. 
Until lately, the largest still was of 2 1 tons capacity, but he 
mentions a cylindrical still of several in use, each holding 5 
tons, and speaks of one of a capacity of 10 tons nitrate of soda. 

Figs. 20, 21, and 22, from drawings which l owe to the 
kindness’ of Mr H. H. Nicdenfuhr, show the kind of still 
employed by Mr O. Guttmann in* connection with his con- 
densing-plant, but of coifrse applicable in every othe* case. 
The drawing^ are to scale and are cle^r enough without further 
explanations. The triclt retting, as arranged by Mr Nieden- 
fuhr, has had an excellent effect, and admits^ of finishing a 
charge of 12 cwt. in twenty-four hours witl\only 17 per cent, of 
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coal. The internal flanges have the, effect of, diverting the 
contents of the pot, when frothing, towards the centre, and of 
preventing any acid condensing from running down the sides. 



Fig. 2i. • 


• , 

I hose retorts have been found specially useful for making a 
maximum of strong acid. 1 

1 Guttmann (/. Soc. Chem. Inil., 1905, p. 1331) declares Niedcnfuhr’s 
statements and plans, as given above, to lje unauthorised by him and 
incorrect^ but he does not say what errors there are in them. In a letter to 
myself he stated file following defects in Niedenfuhi's plans. The fireplace 
is unnecessarily lined with fire-bricks ; thf bottom of the retort is not suffici¬ 
ently heated. The bracing-rails outside are unnecessary. The running-off 
pipe for the bisulphate is suie tot e leaky, and the pla-ifcg of the wagons for 
it in the same room as the condensation is Objectionable, The ccy»rs shown 
and intended for diying the nitre are wrongly arranged ; Guttmann himself 
employs cast-iron plates, below*which the last flue of thj fire-gases produces 
sufficient heat (80°). If surrounded by these fire-£ases^on all sides, the iron 
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Usually it js preferred to cast such'conical pots in one piece 
(like caustic-soda pots), and to set them so that the cover pro¬ 
jects over the brickwork. In order to keep the cover sufficiently 
hot, it i 5 covered by a .layer of ashes or by bricks ; the drying of 
the nitre” in this case is equally performed by the waste heat 



Kill, 22. 


of the fire, but in a sc?par$tc place at the end of the retort- 
bench. 

According to notes from actual practice, the nearly cylindrical 
middle part of the Guttmanfl retorts (see Figs. 20 to 2-2) lasts 
practically for ever. The bottom parts may last” up to ten years, 
the covers about ofie year. The latter are surrounded with a 

*40 . « 

plates stjjnd for many years. Ue builds his retorts for charges of 1 ton 
each, worked off in twelve to fourteen houKs, ‘Including the charging, dis¬ 
charging, and cooling; recently he goes even up to retorts for 2b tons, 
which are easily managed by a condensing-bakery of twelve pipes. 
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sheet-iron rim and serve tor drying thej nitre. [Ft would seem 
preferable to me, on the contrary, to avoid any condensation 
inside the covers by protecting them against cooling by brick¬ 
work or otherwise, and to effect the drying of the nitre by 
means of the waste heat from the retort fires.] Each retort 
receives a charge of 12 cwt. nitre and ij cwt. sulphuric acid 
(95 per cent.), which is worked off in fourteen hours with only 
8 cwt. of coal. The nitre-cake is run off at once, and the retort 
is ready for charging again af^er cooling for an hour. A set of 
10 retorts is worked by two shifts of throe men each ; the men 
have also to wheel the nitre from the storehouse ;fnd to manage 
the condensation. 

At some works they use large scmicylindrical troughs of 
cast metal with broad flanges and a vertical rir. all round, in 
order to cover them by a brick arch 01 a stone slab. At others 
they employ large pots with rounded bottom, lying on their 
side: the open end, wjiich forms part of the front of the 
furnaces, being closed by a stone slab. Neither of these forms 
has founrfver^ much favour elsewhere. 

l’rcnticc (Ik P. G960 of 1893 ; Ger. P. 79645) carries on the 
process in a continuous manner. The nitre is mixed with 
sulphuric acid outside the retort, preferably in a kind of mortar- 
mill (according to Ik P. No. 8902 of 1893, :l large excess of' 
sulphuric acid should be employed and the residue subsequently 
used for the manufacture of superphosphate). The mud thus 
produced is conveyed into a heated chamber in which the 
nitrate dissolves in the sulphuric acid, but no lytric acid is as 
yet split off [?]; here chlorine and nitrogen tetroxide are 
liberated and escape into a condensing-apparatus. Owing to 
this tne nitric acid is later on free from volatile impurities [?]. 
The mixture is now charged into the retort, which has an 
oblong section and is divided into a number of separate chambers 
by partitions starting from the cover and not reaching entirely 
to the bottom. .Above each chamber the cover is provided with 
a head and vapour-pipe. The retorf is heated from below, and 
the fire-gas subsequently t»avels round the sides. The mixture 
coming from* the heating-chamber enters the first chamber of 
the retort, where it begin*? f o boil and gives off a large quantity 
of strong nitric acid mixed with a little nitrogen tetroxide. 
The mixture now, without ceasing' to bj>il, |ows on from 
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chamber to chamber, giving off pure nitric acid, which gets 
weaker and weaker in the follcfwing chambers. In the last 
chamber, placed immediately above the fire, the temperature is 
highest; here the l^st nitric acid is driven off, together with 
much wdter and a little sulphuric acid, and the nitre-cake is 
drawn off, free from'the nitrate By this method two-fifths of 
the fuel and four-fifths oi" the condensing-plant [?] can be saved. 
A still producing 4 tons per week weighs less than 2 tons. A 
communication by Prentice in £he J. Soc. Chan, hid., 1894, 
p. 323, gives nothing new. In discussing it doubts were 
expressed as* to whether that process is applicable at such 
works where the residue cannot be utilised for the manufacture 
of superphosphate, as it contains a large excess of acid. Indeed, 
this extra quantity of acirl required for working that otherwise 
very ingenious process has made it an economical failure. 

, Uebel (patents of.the Chemische Fabrik Rhenania, B. P. 
27240 of 1898, and 3305 of 1901) propecds in a novel way for 
the manufacture of nitric acid. The nitre-cake, running out at 
a high temperature from the retorts, is mixed with sulphuric 
acid of abou'L 171 sp. gr. in such proportions that a "polysul- 
phate ” is formed, the water being evaporated by the heat 
remaining in the nitre-cake. This polysulphatc, of the composi¬ 
tion = NaH.,(S 0 4 ) a , serves instead of fresh sulphuric acid for 
manufacturing the next batch of nitric acid, in which case the 
latter is obtained of the highest strength just as if the strongest 
sulphuric acid had been employed. Of course the fresh nitre- 
cake formed fpom the second operation amounts to much more 
than that from’ the first; therefore a portion of it is set aside in 
the 1 ordinary manner, and the remainder is again employed for 
making nitric acid. The practical work carried out with this 
process has led to the construction of a new and original 
style of retorts, which may be very usefully adopted even when 
nitrate of soda is to be decomposed in the ordinary way by 
sulphuric acid, not by “ poljlsulphate.” 

The principal advantages of the new process are: that the 
alternate heating and cooling of the apparatus is avoided, which 
produces a saving in fuel and prolonged duration of the plant; 
that fliere is not the same inequality of the nitric acid as is 
produced during the period of working off a retort on the old 
system ; that a^ much smaller afi ( d consequently much cheaper 
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plant and only half of the ordinary grpund-space are required 
for the same output, both for distillation and condensation (the 
Uebel plant may be combined with any of the systems of 
condensation to be described below); that there is less labour 
required; and that the strongest acid can be made by means of 
ordinary sulphuric acid 140° Tv’,, as its wafer is evaporated free 
of expense in the formation of the polysulphate—“ waste-acid ” 
from nitrating processes being equally fit for employment. * 
The Uebel process is illustrated in Figs. 23 to 25, Two 



Fig. 23. 


parallel retorts A, A' (consisting «f a'cast-iron bottom piece 
and a stone or stoneware cover) are alternately charged with 
nitrate of soda and the requisite quantity of liquid “ poly- 
sulphate ” (or else, if there is a sufficient quantity of strong acid 
at disposal, where manufactifting by contact processes, 
directly with such £cid).» The heating is performed by the 
waste fire gases of the lower retort B, a temperature of 170° to 
200“ C. being thus attained in A and A'. When most* of the 
nitric acid has been expelled, the contents of A and A' are let 
down into retort B, wher^ the last portion jof nitric acitf is 
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liberated, at a temperature of about 3jo’ C. The contents of 
B have, of course, been previously run out, but never completely, 
leaving always a stock of hot liquid “bisulphate" in the retort. 
The bisulphate (nitre-cake) is run from B into the cast-iron pan 
C, where it is mixed with previously heated sulphuric acid of 
about 140" Tw. (or with waste,acid from* nitrating processes 
of equal strength) in the proportion of forming a tetrasulphate, 
H,SO„ NaIIS 0 4 . In consequence of the high temperature of 
the liquid nitre-cake, the vvatfr present in the fresh sulphuric 
acid is evaporated (together with any .nitric acid present in 
waste acids, if such arc employed) and is carried a^ay by a pipe, 
or a vapour hood, not shown in the drawing. Half of the 
“ polysulphate^’ formed in C is employed for a fresh operation 
in A, A', the other half being at disposal for any outside 
utilisation in lieu of highly concentrated acid. If such utilisa¬ 
tion is*not possible, half of the nitrc-cake *s run out from C 
before adding fresh sulphuric acid and only the other half is 
employed for making “ polysulphate," the unemployed half 
being utilised fn the manner followed in other cases. 

(An English patent by Claes, No. 1072 of 1900, describes the 
manufacture of “ polysulphates ” from nitre-cake and sulphuric 
acid as a commercial article.) 

The flame of the hearth F first heats retort B, which is pro- * 
tectcd by an arch, and then, according to the position of the 
damper, either A or A', v, v arc valves for discharging the 
contents of A, A' into B ; v" another valve for discharging B 
into C, placed high enough to leave a stock of liquid nitrc-cake 
in B. 

• i 

After heating-up, A is charged with 8 cwt nitrate of soda, 
previously dried on the shallow basins T, T' on the top of the 
furnace. The charging is performer* through manholes IT, IT, 
which are afterwards closed by covers and kept tight by nitrate 
of soda heaped upon them. Then fused r ’polysulphate is gradu¬ 
ally run In through a swan-neck p^pc from the tilting-box K, 
previously lifted to the top of the fSrnace. This polysulphate 
will be at a temperatyre oftabout 120' or 130’, and must there¬ 
fore be gradually introduced within .from half an hour to an 
hour, so as to avoid a tumultuous evolution of nitric acid. Of 
course, in lieu of this, fresh acid can be employed, as stated 
above. During the introduction of the hot fjply^jilphate damper 
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z is closed and is opened ; when finished, z is opened so that 
the fire-gases play upon A. When the temperature has risen 
to about 170°, nearly all HN 0 3 has been driven out; the thin, 
liquid melt contains, A little nitrate and all the water introduced 
with the' nitrate and the polysulphate or fresh acid. It is now 
slowly run through valve v into retort B, where it meets with a 
stock of hot bisutphatc. Here, without the frothing taking 
place in the old,directly fired, retorts, the last nitric acid and the 
water is drawn off within a very jihort time. The contents of B 
remain there until the contents of A' (which has been charged 
and worked 'in the meantime) are ready to be run off, which 
takes from three and a half to four hours. Then B is dis¬ 
charged into C, where fresh acid is run in as before described, 
so that room is made in B for receiving the contents of A'. 
Retort A in th^ meantime "has been left empty for an hour, 
. damper c being closed, in order to cool down. t Now the poly¬ 
sulphate is run out of C into the tilting-box K, which is hoisted 
up to serve as beforp. Thus a charge of 8 cwt. of nitrate can 
be worked off in each of the retorts A and A' every four hours. 

According to Hasenclever (/. Soc. Chan, hid., 1911, p. 1293), 
Uebel’s three-boiler apparatus has been adopted in many cases. 
It secures material savings in space and fuel. The apparatus 
treats 1800 kg. nitrate of soda in twenty-four hours (/. Soc. 
Chew. Ind., 1911, p. 1293). 

The Chemische Fabrik Griesheim-Elektron (Ger. P. 170532) 
modifies the ordinary nitric-acicj process as follows. Nitrate of 
soda and sulphuric acid are gradually introduced into the 
retort at the same tim,c, but in separate places, with exclusion 
of Air, in such manner that the {emperature in the retort 
remains always above 140°. This avoids distillation by jumps, 
frothing over, and the necessity of cooling of the retort for a 
fresh charge, and lessens the wear and tear of the retort, and of 
the stoneware apparatus. (This process has been worked for 
some time at Offenbach, but the patent has been dropped.) 

Valentiner and SchwaPi: (Fr. P. 374902 and U.S. P. 920224), 
in the manufacture of nitric acid Slider, diminished pressure, 
restrict the passage betwqen the retort and the ccmdensing-coil 
to half the diameter of that coil, c The higher pressure thus 
maintained in the t retort prevents the uprush of sodium nitrate 
through the sujoeripeumb’ent sulphuric acid, which causes the 
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distillation to progress more rapidly. The condensing-coil 
extends to the bottom of the first of a series of receivers, so as 
to form a liquid seal and gases, as lower nitrogen oxides and 
IIC 1 pass on, leaving pure nitric acid behind. 

The Hadische Anilin- und Sodafabrik (Ger. P. 22737/) manu¬ 
facture nitric acid in a continuous way. The mixture of sodium 
nitrate and sulphuric acid passes through a series of stills which 
are heated each by itself to various degrees, and in which tlfe 
contents are kept in mechanical motion. The outlet pipes for 
the vapours arc shaped as siphons, and .the vapours are separ¬ 
ately condensed. With a scries of 5 stills, the temperatures and 
strengths of acid, etc., are as follows :— 


* Temperature. 
Pegroes. 

Still No. i . 110 to 120 

* 2 . 150 „ r7o 

„ 3 .*210 ,, 25O 

„ 4 ■ 250 „ 280 

» « 5 „• 2S0 „ 300 


) 


Strength of acid 


<)6 to 07 per cent, j 


88 ,, 90 
60 


V 


{(10 per cent, of 
tne total acid). 


2 » 5 v 


Schellhaass (Ger. P. 241711) also makes nitric acid in a con¬ 
tinuous way. Sulphuric acid and fused nitrate of soda arc 
separately introduced as a spray into a towcr-iike retort, kept at 
a temperature of 180°. In this retort the materials float about • 
and are thoioughly mixed, so that the reaction is quite 
complete. Nitric acid of high concentration distils over the 
sodium bisulphate, which contains some nitric acid, is collected 
in a second retort, heated to about 300°, from which a more 
dilute nitric acid distils off. 

Wintelcr ( Client. Zcii ., 1905, p. 820) g’ivts the following rules 
for obtaining nitric acid of the highest concentration, and a good 
yield of it. (1) Keep the temperature df distillation as low as 
possible. (2) Do not allow the contents of the retort to be over¬ 
heated anywhere. (3) Heat slowly enough to avoid this. (4) 
Ihe most highly concentrated nitrii acid, with best yield, is not 
obtained by employing highly concentrated sulphuric acid and 
dried nitrate, but with sulfjruric acid of about 92 per cenp (5) 
The yield of concentrated nitric acid is raiseif’by a supply of 
atmospheric oxygen in the retort. (6) It is useful to codf down 
the distilling gases as quickly as possible. In the distillation, 
aqueous nitric acid, which possesses a'higher boiling-point than 



concentrated acid, is condensed before the stronger acid ; hence 
by* fractionated cooling acids of'various concentration can be 
obtained. Guttmann (ibid., p. 934) points out some errors of 
Winteler’s, and the latter replies, ibid., p. 1010. 

The 'Chemische VVerke vorm. Byk (Ger. P. 208143 and 
217476) dissolve crystallised calcium nitrate in concentrated 
sulphuric acid, heat to too", and separate the nitric acid from the 
gypsum by pressing or centrifuging. If the nitric acid is no 
stronger than 59 per cent., the gypsum comes out in a perfectly 
hydrated form. 

The gases and vapours evolved during the working of the 
retorts , apart from the vapour of nitric acid itself, consist of 
aqueous vapour, nitrogen peroxide, hydrogen chloride (which is, 
however, almost entirely converted into the following gases), 
chlorine, nitrosyl chloride, and a little iodine. MCI and the 
gases derived from -it (.NOG and Cl) are principally formed at 
the commencement, through the decomposition of sodium 
chloride; but towards,the end they appear again, owing to the 
decomposition of perchlorate. All of these impurities arc dis¬ 
solved by c 61 d nitric acid, and hence occur in ordinary 
“unbleached” nitric acid. 

Volney (/. Anier. Chew. Soe ., 1891, xiii. p. 246) showed that 
’the frothing in the ordinary nitric-acid process takes place only 
in the last stage, when the strong acid has passed over and when 
the last portion of the nitre is suddenly acted upon, with forma¬ 
tion of weaker acid. At this period practically only NaHS 0 4 is 
in the retort besides" NaN 0 3 . 

Later on (iffid., ipor, p. 489) Volney returned to this subject, 
with the following results. During the first period of the 
process, when the temperature of the retort is not above IOO°, 
the compound NaH., (SOj» is formed, which Volney calls “tri¬ 
sulphate” (it is really a tetrasulphate and identical with Ucbel's 
“ poly sulphate,” p. H7),‘by the reaction : 

NaNO., + 2H ,SO* = Nal l 3 (SO.,)o + HNO., 

The second pwiod sets in at 100° and ends at 121°; here 
the principal roiction is: 

NaNO., + NaH.,(SO,y, = 2 NaIJS 0 4 + UNO,. 

During the first period pure nitric acid, boiling between 8i° and 
88), distils over." During flic second period the HNO., begins to 
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decompose into lower oxides and H., 0 ,po that more dilute acid 
must no\j- be formed. 

Later again ( J. Soc. Chem. hid., 1901, p. 544 ; cf. also /. Amcr. 
Chan. Soc., 1902, p. 226), Volney states that the first phase, 
where acid of 77 to 90 boiling-point comes over, takes place at 
a temperature of 97° to 122’; the second phase, where acid of 
sp. gr. 1-505, boiling at 94° to 100", comes over, requires a 
temperature in the retort of 130° to 165 . Above this the 
decomposition of HNO ;1 sets,in and yellow acid comes over. 
All this refers to working under ordinary pressures. Whyn, 
however, working at reduced pressure oil the Valentincr system 
(originally proposed by me, cf. infra), say at 300 mm., the first 
stage runs froln 55" to 100 , the boiling-point of the strongest 
acid at that pressure being only 45° to 75"; the .fecund stage, 
where the polysulpluitc acts upon inoit nitrate, begins at 100 
and is finished jt 120 ’, instead of at 165° at Ordinary pressure. • 

[In considering Volnay’s results, we must not overlook that 
they were obtained in glass vessels on a, small scale*. On the 
manufacturing scale, and working in iron vessels, higher 
temperatures cannot be avoided and the formation of nitrous 
vapours is proportionately increased. The frothing at the last 
stage of the distillation is generally ascribed to the partial 
1 decomposition of sodium bisulphate into pyrosulphate and 
water: 2Nal 1S0,,= Na,S, 0 7 + II..O.] , 

In a subsequent paper (/. Soc. Chem. hid., 19CH, p. 1189) 
Volney gives the results of worthing at a much stronger vacuum, 
viz., 110 mm. absolute pressure. During the first phase, at about 
74", free sulphuric acid acted on the nitrgite ; during the second 
phase, at about 85°, the polysulphatc did the principal action. 
The outside temperature rose to 1^0". # The distilling nitric 
monohydrate boiled at 30". With concentrated sulphuric acid 
there is a great amount of frothing, which does not take place 
with acid of 60" B. When working with such acid at ordinary 
pressure,’the gretijest portion of the nitric acid distils at about 
118 0 without frothing; at a pressurS of 110,mm. at 74’, with 
slight frothing. In both causes the remaining sal^cake consisted 
of sodium bis'ulphate and water of crystallisation. The_jritric 
acid produced showed in* both cases 1-38 sp. gr. at 21 0 C.; to 
produce stronger acid it must be redistilled witji concentrated 
sulphuric acid. 
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Condensation of Nitric Acid. 

The condensation of nitric acid is, properly speaking, only a 
cooling-process, but.fi is preferably carried on in such manner 
that, in the first instance, stronger and weaker acid, coming over 
at different stages, are separately collected, and that, if possible, 
the above-mentioned impurities (p. 1C0) arc kept out of the 
acid and arc separately treated. For many years, which now 
appears strange to us, in this distilling and condensing process 
oply air-cooling was employed, and, it is only during recent 
years that the much "more efficient system of water-cooling, 
which is so universal in other distilling processes, has been 
applied for nitric acid, and that with complete'success. 

The old cbndensing-plant for nitric acid consisted entirely of 
a series of earthenware receivers (YVoulfe’s bottles), combined in 
• sets of six to twenty and more, according to ,*he size' of the 
retort. Spmetimcs two or even more of these jars arc super¬ 
posed over one another, in order to increase the cooling-surface. 
According to the strength of acid intended to be made, they are 
either left empty or charged with a little water, as already 
mentioned. Sometimes they arc cooled on the outside with 
water; but generally this is not the case. Each of the jars is 
provided with a bottom tap for running off the condensed acid ; 
that from the first t\yo receivers is more impure than that of the 
others, as it contains a little sulphuric acid and iron carried over 
from the retort. The acid becomes weaker the further the 
receivers are .from the retort. Since the receivers now and 
then crack witfi the heat, it is advisable to put them on stone¬ 
ware saucers provided with a spout, for collecting the acid run¬ 
ning out. 

The cement used for joining the receivers with the pipes, 
etc., has been described on pp. 147 and 149 if also the 
Cellarius receivers, described in our third edition, Vol. 11 . 
(1909), p. 364, a modification of which is described in their 
Ger. P. 232864. , These receivers have had great success in 
the Condensation of hydrochloric ?icid. • This style of con- 
densjjjg-plant is still found at many, especially smaller, works ; 
but it must be considered quite outtifdate, as its cooling action 
is too imperfect, *s the great number of joints is troublesome 
to keep tight, as the receivers, on 6reaking, cause great loss and 
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danger to health and life, and as thare is always some loss 
of uncoijdensed vapours. 

A minor improvement which can be made consists in inter¬ 
posing between the retorts and the receivers a 
somewhat long glass tube, or rather a number of 
air-cooled glass pipes of slightly conical shape, as 
shown in Fig. 26, with sufficient fall for the con- 
densed acids not to stop in the tubes and run out of 

■ the joints. With a length of from 10 to 13 ft. (the 
longer the better) the cooling by air is already very 
efficient. The single tubes arc put loosely together, 
without any cement. Schrocder (Gcr. P. 233061) 
describes a new kind of junction for such pipes. 

Gobel proposed (Diugl. polyt. eexx. p. 241), 
to my knowledge for the first time, the system of 
cooling such pipes by water, employing a long glass 
tube placed in a trough. This plan ,.must have 
led to frequent breakages ?«d was probably soon 
abandoned for that reason, but in principle it was 
perfectly correct. 

jTrobridgc(B. P. 25435 of 1906) protects earthen¬ 
ware pipes, used in the manufacture of nitric acid,^ 
from fracture by cold water in this way: each 
vertical pipe is surrounded, frpm the bottom of the 
fondensing tank to near the top, 

.. with a lead pipe about an inch 
wider than the earthenware pipe. 

Ostv*aj,d (Ger. P, 207154) 
conveys hot nitrogen oxides in 
pipej mjde of nickel steel, but 
care* must be taken lest any 
condensations take place, as 
nickel steel resists only gaseous 
nitrogen oxides. 

A nitric-afid condenser, con¬ 
sisting of sets of pespendteujar water-cooled pipes, is described 
in the 15 . IV 24332 of 1903, by D. Donnachic (Chem. T&idc /., 
1904, xxxv. p. 3S0). 

Very efficient are water-cooled, stoneware cooling-worms, 
which do away with the nec«ssity of employin'! a large number 



Fig. 27. 
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of receivers. 'These coils or worms were first manufactured by 
M'essrs Doulton & Watts, of Lambeth, as shown in Fig. 27, but 
are now made by many other English and German firms, in 
various shapes, and‘arc comparatively very durable; good 
worms stand 300 operations and upwards. They admit of 
fractionating the products, but <rre mostly employed when acid 
of medium strength (up'to 82° Tw.) is to be made, 

Plate Toivers. 

f) 

_ Far preferable to coke-towers for both the just-mentioned 
purposes are 'the “ plate-towers” constructed by the author, in 
conjunction with L. Rohrmann, and frequently called “ Lunge- 
towers.” These will bo described in detail further on (in 
Chapter Vi.); in this place we will only point out that the 
use of coke is irrational,' because it destroys nitric acid, con- 
.verting it into intvous acids and lower oxides. The plate- 
towers, of^ which hundreds arc in use at nitric-acid works, 
explosive .works, ctc.„, for the above-mentioned purpose, are 
made of the best fire- and acid-resisting stoneware, and, as 
will be seen hereafter, they are so constructed as to offer the 
most intimate possible contact between the gases and liquids. 
Fig. 28 shows the arrangement as supplied by the Krauschwitzer 
‘Thonwaarenfabrik near Muskau, Germany, for the condensation 
of the last fumes, or the recovery of nitric acid from lower oxides. 
A II C is the stoneware shell of the tower, D the cover with 
distributing arrangement, E the r plates, F the annular bearers, 
G drawing-off tap w’ith hydraulic lute, H exit tube, J sight for 
observing the Condensation, K receiver, M injector for drawing 
air through the neck N, in connection with the last receiver O. 

Figs. 29 and 30 show how a cooling-worm can be combined 
with other pieces to form* a complete condcnsing-apparatus. 
The vapours, coming from two retorts charged with 6 cwt. of 
nitrate of soda each, first pass through receivers a a for impure 
acid carried over, which is* run off into the -carboy b , then 
through the cooling-worm.? c c, discharging their contents of 
pure acid into carboys d d, then into m. collpcting-receiver e and 
into a^" plate-tower ” / fqr recovering nitric acid- from N„ 0 4 , 
and finally into a last receiver g and Injector h. The pots i i 
equally discharging their vapours .into c, serve for refining 
(bleaching) the yellqw nitric acidj(see below). 
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Such apparatus is especially needed for recovering large 
quantities of nitrogen oxides, given off in the treatment of 
waste nitrating afcids from the manufacture of nitroglycerine, 
nitrocellulose, aniline,.etc., and reconverting them into nitric 
acid. 

For such purposes it is sometimes necessary to combine 
several plate-towers' in sets, one tower being placed higher 
than the others and delivering its weak acid to those lower 
ones, to be got up to strength (TTohrmann and Nicdenfuhr, 
B. P. 29746 of 1897). 

The weak acid can also be pumped Back to be used over and 
over again, till it has got up to the maximum strength (1-38 or 
1-40sp.gr.). Figs. 31 and 32 show a complete nitric-acid regenera¬ 
tion plant, with plate-towers, as employed after long experience 
by IT. IT, Nicdcnfiihr. Pipe a. (6 in. wide) comes from the deni- 
trator; it is preferably rather long, say 40 ft., so as to cool the 
gases which pass through receiver h into the first tower R, ; 
glass tube 'c admits of watching the process. R, is filled with 
34 Lunge plates. The second tower R. 2 contains 'o Lunge 
plates and above them 2 ft. of stoneware balls. The connecting 
pipe between the towers contains a “ Kirchhoff pipe” d, which 
admits of mixing air with the gases in case 6f need. Pipe e 
•takes the gases away from IT, through the regulating “ sight ” 
/ into receiver g, and through h into the chimney. Vj, V 3 are 
cisterns for feeding fne towers; V t in the beginning receives 
a little water, V., is entirely fil! 4 d with water. As soon as the 
denitrator has been started, water is run down from V, into R, 
drop by drop, and from V 3 into R„ in a strong jet, sufficient for 
absorbing all nitrous products. The liquid from R., is collected 
in V,, and is pumped back by the *“ I’lath” pump P («to be 
described later on) into* V,‘and V>. With this weak acid R, 
is later on fed to'such an extent that the acid recovered here 
comes out with the desired strength and runs into V.,. On 
the other hand, R., is always^ed up to the extenj: of completely 
recovering the last traces ofi* nitric acid. If thS weak acid from 
V 4 doqs not suffice* for that purpose, it is made up with water, 
preferably at a temperature of 50 C. The acid condensing in 
receivff b is run into V., or V 4 , according to its strength, that 
condensing in receiver g always into V,. 




[7*o fact p. 166, 
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'Refining »r Blenching Nitric Acid. 

The refining'ox bleaching of nitric acid consists ifi driving 
off the'lower oxides, s,o that the acid becomes colourless. This 
can be done by long'heating in a water-bath, which is a tedious 
operation—much mere quickly if a current of air is blown 
through the gently 'heated acid ; the air together with the gas 
contained in it is conducted through a small coke-tower, or, 
preferably, a small “plate-tower” (sec p. 164), fed with water, 
where dilute nitric acid is obtained. This refining is, of course, 
unnecessary for nitric arid used in the manufacture of sulphuric 
acid and for many other purposes. 

Ilirsch (Ger. P. 46096) runs the impure acid through a 
stoneware wryrn, placed in water of 80" C. Air is blown in at 
the bottom, and the feed .of nitric acid is so regu lated that it 
runs out at the bottom at a temperature of 60' C and .suffici¬ 
ently bleached. It runs through a second wiSrm placed in 
cold water,‘and can then be put into the carboys. The nitrous 
gases escaping at the top of the first worm arc ts^ftced in the 
usual manner, One worm can purify several tons of acid per 
diem. The same process may also serve for treating the waste 
acid of nitroglycerine and nitrobenzene works; in this case 
—air heated to 150" C. or steam is blown in at the bottom, and 
the feed of acid is so regulated that it issues, at a temperature 
of 140" C., as comparatively pure sulphuric acid. 

The French Government gftnpowder works have employed 
such worms for a 'long time fo'r this purpose. An ordinary 
size of worm fusuishes 2 cwt. sulphuric acid per hour, with less 
that; 0-3 per cent. N 2 ® 4 ‘and practically free from chlorine. 

The Grieshdm process does away with the necessity of 
bleaching the nitric acid, ^s this acid is thereby produced at 
once in a pure state. (A similar result is aimed at by the 
apparatus of Guttmann in its recent form and by that of 
Valcntiner, to be described iatcr on.) The Chftmische Fabrik 
Griesheim (Ger. P. 59099/places behind th£ retort a reflux- 
cooler, consisting oT a Rohrmann stopeware worm contained in 
a water-tub kep? at about 60" C. by the heat of the operation 
itself. 'The acid vapours a’seending in t this cooler are partially 
condensed there; in consequence of the high temperature the 
lower nitrogen Oxides (together with the chlorine) escape in the 
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state of vapour, and are condensed by air an;l \tfatcr in a 
“Lunge tower” (plate-column) to wealc nitric acid. The acid 
condensing in the worm flows into a receiver, kept at 8o° C., 
and is therefore perfectly pure, no "bleaching” being required. 
Air is advantageously introduced into the receiver. 

This system is illustrated iij Fig. 33. *Wc notice that the 
receiver, into which the acid flows bacf; frofri the reflux-cooler, 



Fig. 33. • 

is provided with a glass pipe reaching down to the bottom, 
through ’which -air is introduced,t which aids in driving off 
N,, 0 4 and chlorine, etc., and also'Somewhat cools the acid. 
The strong and pure acid from this receiver js from time to 
time run off- into a lower receiver, not shown* in the ^g-are, 
where it cools down s*f§ciently for being withdrawn into 
carboys; the vapours rising here are also passed into the 
condensing-apparatus. The „ vapours' issuing from the top. of 
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the worm *are f passed through a fcw'receivers and ultimately 
into the plate-tower. *' 

In practice the temperature of the water in the Worm-tub 
rises td 40' or 50° C, in the case of slow distillation, and 60" 
in that of rapid distillation ; there is always some fresh water 
run in, care being taken not to cool too much. 

This apparatus' is generally combined with the retorts 
shown on p. 144. Each charge of 400 kl. nitrate of soda 
(undried) with 450 kl. sulphuric acid (95 per cent. ILSO,) yields 
first 2 litres of impure acid,whifch is run off separately, then 
246 or 250 M. acid o},48° Baume = 9f per cent. UNO.,, with 
less than 1 per cent. N„ 0 ,, usually only 0-5 per cent. N., 0 ,, and 
no chlorine at all; then Co or 65 kl. acid of 42' to 44" Baumc, 
perfectly clear, and 8 kl. of 25 to 30 Baumc impj re acid from 
the tower. When working with dried nitrate, Ihtli first 250 kl. 
of acid show 49 ’ IJ. = 93 per cent. NIIO.,. The weaker acid 
'(42" B.) can be put back into the retort and recovered as strong 
acid in the next distillation. The nitre-cake tests about 
30 per cent. “ free ” SO.,. 

The Grierheim system has been working for many years at 
a number of factories with perfect satisfaction. 

O. Guttmann (B. P. S915 of 1890) has constructed a nitric- 
— acid condensing-apparatus on the principle of building it up 
entirely of perpendicular pipes, so arranged that the gases 
travel upwards and downwards and the acid is run off at the 
bottom, as it is liquefied, by* means of hydraulically scaled 
branch-pipes, into'a common reservoir. The pipes are 8 ft. 
long and have'«thin walls Q in. thick), they perform the con¬ 
densation incompanWiiy better than ordinary receivers, even 
when merely cooled by air, but in this case there mt.wft be a 
considerable number of suijh 8-ft. pipes, say fifteen or twenty, 
to finish off a charge of 12 cvvt. in a shift of ten or eleven hours. 
The last pipe is connected with a “Lunge tower” (plate-tower, 
cf. p. 164), fed with water, to order to retain the uncondensed 
oxides, in the shape of w/ak nitric acid, amounting to about 
5 to 7 per cent. 6f the total acid. ,The Guttmann system is 
esp^ially suitable for the manufacture of strong nitric acid, of 
cours^by means of dried nitrate and strong sulphuric acid. 

The former shape of Guttmann’s system is shown in our 
second edition," p)>. 890 and 891. Many plants have been 
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erected on that principle with great success. Later oil (Ger. IV 
73421), Guttmann improved his system*in various ways. lie 
fixed an iitjector, fed with compressed air, immediately behind 
the exit-tube from the still, where the whole of the vapours arc 
still iincondensed. They are thus rapidly drawn away from 
the retort and mixed with hot,air. It is* contended that in 
this way nitric acid with not more than p-y per cent. N 2 0 ,, and 
at a concentration of 97 per cent, can be made during the whok 
of the process. The acid is 4s nearly colourless as can be 
desired. [If all the acid is 97'per cent, what becomes of the 
water contained in the sulphuric acid, sinless this is of cqtfal 
strength? Cf also Volney, p. 160.] 

Another improvement of Guttmanrj’s; is the substitution of 
water-cooling .for air-cooling, which admits of a considerable 
saving in pipes. There are six of thete, contained in a water- 
tank, through the bottom of which they pass water-tight by 
means of rubber rings. Qutlmann states that here all the acid 
can be obtained with 96 per cent. UNO.., and slightly over 1 
per cent. NT),) this increase of N., 0 , is caused by the greater 
rapidity of the cooling, which does not leave so much time for 
the oxidation of NO., by the air. Otherwise the condensing 
battery is similar to the first, inclusive of the plate-tower. 

Another patent of Guttmann’s is B. P. 181X9 of 1897. I* 1 

his B. P. 13C94 of 1901, he describes an arrangement for con¬ 
densing nitric acid at a comparatively higlf temperature, when 
it is less liable to absorb nitrous gAises. 

Figs. 34, 35, 26 show a Guttmann plant with improvements, 
as designed by II. H. Niedenfiihr and supplied by the Krausch- 
witz pottery. The drawings are to scale and explain themselves. 
Each r^rt, with its set of cooling-pipes, etc., decomposes from 
12 to 14 cwt. of nitrate of soda in ajwoi’king day of twelve or 
fourteen hours; with somewhat larger retorts, the cooling-battery 
can be driven up to 20 cwt. nitrate per day. 

Bate -and (.Vine, of the National Explosives Co., have 
patented the following improvements of Guttmann’s “water- 
battery” (B. 1 ’. 25790, 24ft November 1902)) The objept is: 
to ensure more efficient circulation of the condensing w,ater; 
to enable a defective pipe»to be removed and replaced without 
interfering with the other .pipes, and to avoid reducing the 
strength of the acid if a pipg shoukf crack or leak while tjie 
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charge is" beijig worked off. Each vertical condensing-pipe, or 
as many of them as 'may be necessary, is surrounded by a 
separate water-jacket, which in case of a crack or lerfk may be 
rapidly emptied. TJie condenser otherwise resembles a Gutt- 
mann w-atcr-battery, but is claimed to be superior to this in the 
above-mentioned respects. Tjhese water-jackets are made of 
lead; they are ojten qt the top and are fused to the lead 
covering of the wooden frame holding the pipes in their places, 
and they are made to hold water, by means of a gland ring and 
rubber joint ring of circular section. The specification gives 
alf details of the construction of the water-jackets and other 
parts of the apparatus. It has been successfully at work for 
some time at the Hayle ( Explosivc works, where*the process is 
as follows :-*The vapours issuing from the retorts described on 
p. 149 pass into an inclined stoneware conduit, with a glass 
bulb in the middle, and thence into a series of five stoneware 
pipes, about 5 ft. long and 4 in. wide each, connected alternately 
at top and bottom. The first three of the set are converted 
into Liebig coolers by means of open-topped lead-jackets, about 
8 in. wide, fed with cold water at the bottom. The last two 
pipes are left uncovered and are merely cooled by the air. 
These five pipes communicate at the bottom by a Guttmann 
“ chamber-pipe,” or in any other suitable way, with a pipe 
conveying the condensed strong acid into a closed receiver, 
placed outside the*building. The inlet-pipe is fixed tightly 
in the receiver and is provided with a side tap through which, 
during the last stage of the operation, the weaker acid condensed 
then is run intro another receiver. In these vertical pipes the 
acid-vapours are alnfost entirely condensed to strong acid. The 
remainder passes through six ordinary receivers, changed with 
6 in. of water, which*is left there until the specific gravity 
amounts to 1-42 or 1-43. Lastly, the gases from four retorts 
pass into a Lunge tower fed with a little water. By pumping 
back the weak acid formed here it may be brought 'to sp. gr. 
1.40. All the acid from the six receivers and the weak acid 
condensing in the pipes towards the end of the operation, 
whiclj altogether amounts to abo'ut 5 per cent, of the total, is 
put back into the retort in a subsequent operation, so that the 
whole of the acid is eventually obtained of sp. gr. 1-507 = 92 per 
cejtt. HN 0 3 , inblusive of r to 1-2 per cent. N.,O r This amounts 



NITRIC ACID » 


173 


to 97 per cent, of the theoretical quantity. Two per cent, of the 
nitrate is left undecomposed in the nitre-cake; this admits of 
conducting the separation in such a manner that the residual 
nitre-cake retains enough water to obtain *11 the nitric acid in 
the strong state, as stated above. It is entirely free from 
sulphuric acid, chlorine, and iron. The li cwt. nitre charged 
yield 8J to 9 cwt. strong nitric acid, no weak’acid at all leaving 
the process. This should be contrasted with the Valentin* 
process, which in one distillation furnishes only 80 per cent, of 
the acid in a strong state. 

The fogs occurring in nitrous gases; especially when these 
gases come into contact with moisture, and which contain a 
good deal of N., 0 ,, may be precipitated (Ger. P. 233729 of the 
Hadischc Anilin- und Sodafabrik) by passing the* mixture of 
gases and fog between sparking and 'non-sparking electrodes. 

Valentiner(B. l’.s. Gioof 1892 and 19192 <^f 1895; Figs. 37 and 
38) manufactures nitric acid in a vacuum. The retort in which 
the sodium nitrate is decomposed with sulphuric acid is.connected 
with a cooling-'wtrrm, and this is connected with a receiver, from 
which, with the interposition of a Woulfe’s bottle, the air is 
aspirated by an air-pump. In this way the most highly con¬ 
centrated pure nitric acid can be obtained. Perfectly pure nitric 
. monohydrate, produced by this process, is now found in com¬ 
merce. [Before Valentiner (whose patent dates 8th September 
1891), I had shown that this can be done by distilling in vacuo , 
Z. angeiv. Client., 1891, p. 167, pjiiolished 15th March 1891.] 

Ifallwell {Chan. Zcit., 1895, p. 118) givessom^ details of the 
practical application of Valentiner’s process. 3 The cast-iron 
retort holds 16 cwt. of nitrate of soda and fs nearly globular* in 
form (ib 5 $ shown in Fig. 19, p. 148). It is not heated directly 
by the flame, but is surrounded by hat ga’ses. At the top there 
are necks for the acid vapour, for charging the nitrate, for 
letting in air, for a thermometer (in a pipe closed at the bottom), 
and for introducing sulphuric acid. The 8-in. wide neck which 
carries away the acid vapours is continued into a glass cylinder, 
through which the insjde can be observed, then iyto an earthen¬ 
ware bend, connected with an’earthenware worm of 21-in^bore 
and 50 sq. ft. cooling-surface, ending in a three-way cock. Then 
follow two earthenware receivers of 60 galls, capacity each, with 
outlet-cocks at the bottom, ^ receive’r of 18 g^lls., a smafjpr 









































NITRIC ACID 


175 


earthenware worm (2),-in. bore and 25 sy. ft. cooling-surface), a 
60-gall, receiver and five 18-gall, receivers, ay of which afe 
provided with outlet-cocks at the bottom and air-cocks ;it the 
top. The second small receiver behind 'the second worm is 
charged with water, the fourth with sulphuric acid; in these the 
inlet-pipes are deep enough to dip into the liquid. The last 
receiver is connected with the air-pump. • The two large receivers 
behind the first worm take most of the condensed acid and are 
alternately put into series byt means of the three-way cock; 
thus the acid can be drawn off without interrupting the wiyk. 
The joints are all made by means of flanges provided with rills 
and a cement made of silicate of soda and asbestos {i'J. p. 149). 
The vacuum ‘helps to keep the joints tight, and they stand 
very well. 

When the nitrate has been charged, all necl,-' are closed, the 
air-punlp is started, and by opening'a tap, in the connecting- • 
pipe sulphuric acid is drawn in from a store-tank. Much gas 
is given off at once; first of all nitrosvl chloride, which mostly 
travels as far ns’thc receivers behind the second worm. When 
the vacuum has gone up to 500 mm. of mercury, the fire is 
started and the thermometer rises to 80 , which temperature is 
kept up during the principal phase. The vacuum is kept at 
1 650 or 670 mm. In the end the temperature must be raised to 
120° or at most 130°. When no more acid,distils over, the air- 
pump is stopped, and the temperature is raised to 170 or 175 ’, 
in order to render the nitre-cake more liquid., 

By means of this low temperature the decomposition of the 
nitric acid and the rcducing-action of the iron are brought to 
a minimum. Therefore the yield is almost equal to theory,’aticl 
that mostly in the shape of strong ,acid. With undried nitre 
and sulphuric acid of 142 0 Tw. the yield, according to Mallwell, 
is 95-7 per cent, of the theoretical, in the shape of acid of 
qoT’Tw. (78 per cent. IINO,), and 3-8 per cent, impure acid of 
2iT Tw.,*togethfcj' 99-5 per cent. With undried nitrate and 
sulphuric acid of 160" Tw. the yield is 99 pur cent, nitric acid 
of 93.1“Tw. (81 per cent. *H^ T 0 ;! ), and 0-8 pcr«,cent. as dilute 
acid, altogether 99'8 per cent. The.weak acid is left in the 
receivers till it has risen to 66° Tw. With dry nitrate and 
sulphuric acid 168° Tw., 'real nitric monohydrate can ^ be 
obtained. The usual strength, 100'Tw.,,contains only 0*04 
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percent. N., 0 . and no fhlorine at all, against 0-95 to 1-92 per 
cent. NX> 3 in the ordinary 100° acid. 

Halhvell states that while in other processes charges of 6 to 
8 cwt. nitrate require' from fifteen to twenty hours to be worked 
off, here' a 16 cwt. charge takes only seven or eight hours, and 
two charges are easily made in twenty-four hours, which means 
four or five times tlie usual quantity. The consumption of coal 
is 8 or 9 parts for firing and 6 or 7 parts for the vacuum, 
altogether 14 or 16 parts to too ijitrate, against 32 to 35 parts in 
the old process. There is also no steam or compressed air 
needed for refining the acid. The durability of the retorts is 
greater than in the old process, and the earthenware vessels do 
not suffer at all. The temperature of the first receivers is only 
35 ' to 42 0 , the back receivers are cold ; they never crack, nor 
do they collapse through the atmospheric pressure, as they are 
made rather thick-v;ailed and nearly globular , : n shape. Any 
cracks in the pipes or bad places in the receivers are cured by 
putting on asbestos paper soaked in silicate of soda solution. 
If too much frothing is observed through the glass cylinder 
this is at once remedied by opening the air-cock. The total 
length of the apparatus is only 40 ft., the width of the furnace 
17 ft., that of the condensing-plant 5 ft. Large apparatus 
holding from 50 to 60 cwt. is to be constructed. The sanitary 
drawbacks of the ordinary nitric acid manufacture are absent 
when working with a vacuum. 

The action of the acid gases,escaping from the condensation 
(especially NOC 1 ) upon the air-pump must be prevented by 
charging the last receiver with milk of lime, which should, of 
course, be renewed from time to tiipe. 

Further communications on the Valentincr process have 
been made by Frankc ( Chem. Zeit., 1897, p. 511). For each 
ton of nitrate decomposed there should be about 87 cub. ft. 
condensing-space. The retorts should be entirely surrounded 
by the fire, or their upper part and the branch-pipe should be 
protected by an atid-proof lining. With sufficient condensing- 
space-and good cooling, and if the forniatior of N., 0 4 is prevented, 
the yield should be almost the theoretical, since only part of 
the chlorides can escape. The nitre.-cake is free from nitrogen 
compounds, and the first receiver, which is filled with water, 
is not changed even after several operations. The temperature 
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during the distillation itself is hardly ioo” C., byt later on it 
must rise to 175°, to make the nitre-cake sufficiently liquid. 
The hot *vapours then formed may decompose some of the 
condensed acid, unless they are very well cooled immediately 
behind the retort. Theoretically 1000 kg. 96 per cent.’ nitrate 
of soda, with 2 per cent, water,..treated with 1000 kg. 94 per 
cent, sulphuric acid, should furnish 796-5 kg. nitric acid of sp. 
gr. 1-486 (89-3 per cent. HN 0 3 ); from 1000 kg. 96 per cent, 
nitrate, previously dried, 771-1 kg. nitric acid sp. gr. 1-497 
(92-2 per cent. IIN0 3 ) should be obtained, and practically the 
yield need not be much less. But with concentrated acid there 
is much frothing, through the production of N., 0 . ( , because the 
acid does not'at once penetrate through the nitrate; this is 
avoided by employing more sulphuric acid, or by introducing 
liquid nitric acid into the retort. -Vaientiner later on recom¬ 
mended the preparation of stronger nitric acid by redistilling 
the weak acid in the vacuum with concentrated sulphuric acid ; 
but this double distillation costs decidedly more apid, coals, 
and wages in Comparison with the direct distillation. Cf also 
the same author in Z. angew. Client., 1899, p. 269.' Bergmann 
{ibid., 1909, p. 1003) also reports favourably on this process, 
but finds it necessary to pass the gases through milk of lime 
before they reach the pump, in order to retain the nitrosyl 
chloride, lie consumes 5 cvvt. coals for a charge of 16 cwt. 
nitrate. * 

The manufacture of nitric acid by means of a vacuum has 
also been patented by Dreyfus (B.^ P. 13826 of 1895), who 
mentions a temperature of 170° to 190’. 

In spite of the disadvantage that a u’ouble distillation*^ 
required order to obtain very strong nitric acid, the Vaientiner 
system has been introduced in man)'] factories. According to 
the 40 th Report on Alkali Works , in the year 1903, 14 units of 
this system were at work in the 7th district alone (p. 165). 
This is confirmcd.in the 41 st Report , p. 137. Owing to the low 
temperature, the material of the apparatus is more durable, the 
product is pure, and the yield almost equal to theory. 14 the 
latter respect,-as Guttmann remarks, the results in all well- 
conducted factories are about the same. One hundred parts 
real NaN 0 3 ought to yield,74-13 parts real HNO s ; but of 
course any N 0 2 contained in the acid - must^ be ’deducted frctpi 

M 
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this, and at least 5 pcy cent, is necessarily obtained as weak 
abid (tower acid). 

The Valentiner system has been represented as r decidcdly 
inferior to Guttmann's by some observations made in a scientific 
publication in 1901, but lias been quite as strongly defended 
from the other side. We cau here only give the respective 
references: Z. angew.' C/tciu., 1901, pp. 413, 495, 571, 658, 
and 731. 

Cf also Volncy’s results on the smaller scale when dis¬ 
tilling in a vacuum, p. 161. 

A modification of the process, by which it is possible to 
obtain strong acid in the first distillation, consists in replacing 
about one-third of the ordinary charge of the retorts by nitric 
acid of sp. gr. 1-425 and then distilling; in this case the nitric 
acid, corresponding to the Sodium nitrate charged is obtained 
of sp. gr. 1-50, and the weaker acid, put into the retort, is 
recovered in the same state. 

Hart ( 13 . 1’. 17289 of 1894) uses for the condensation of 
nitric acid an apparatus consisting of a scries of superposed 
glass tubes, slightly inclined to the horizontal, which starts from 
an upright stand-pipe and ends in another upright pipe. The 
pipes are cooled by squirting water upon them or otherwise. 
The vapours pass simultaneously through all the inclined pipes. 
As the water squirmed on to the glass tubes evaporates, its 
cooling-action is very strong^ Hart asserts that by his method 
the distillation is effected in dialf the usual time, with very 
little fuel and-slight formation of N 2 0 4 . There are fifteen tubes 
to each condenser, about an inch wide and 6 ft. long, for a 
retort working off 1000 lb. of sodium nitrate in eight hours. 
This system has been introduced with great success inrti number 
of American and English ’works. 

Dieterle and Rohrmann (Ger. T. 85240) promote the evolu¬ 
tion of gases in the nitric-acid retort by the introduction of 
some inert gas, which must certainly be an obstacle to con¬ 
densation. Thef object is more rationally attained by the 
applitation of 1 a vacuum, as donb by Valentiner (s'ee also 
Guttmann’s injectors, p.- 171). 

Skoglund’s condenser for nitric heid (Ger. Ps. 104357 and 
105704; P'r. I’. 271025; Amer. P.’6o3402; the patents belong 
to the Martin- Kalbfleisch Co.g'of New York), according to 
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A. F. Otto (Z. f. Schiess u. Sprcngfvcseti, 1906, p. 325), is 
employed in many North American factories, especially nitro¬ 
glycerine and guncotton works. There arc also condensers of 
this kind in two French dynamite works. 

E. Wolff (ibid., p. 373) gives a detailed description of it. By 
this apparatus by a single operation pure nitric acid is obtained, 
which does not require any special treatment in order to 
remove the lower nitrogen oxides, as it contains only 0 05 to 
o-io per cent. N^O.,, and its strength is always over 94 per cent., 
often nearly 95 per cent. The “bleaching” and the removal of 



the lower nitrogen oxides is effected by the nitric acid vapours 
themselves, and there is no weak* acid going out, since that 
which is formed in the process at once goes back into it. The 
apparatus consists of a cast-iron retort, A, Fig. 39, a stoneware 
“reactioh-colurrfn,” B, packed with an acid-resisting material; a 
cooling-worm, E, and two columns C, C, similar to B, in which 
the vapours of N, 0 ,j»and flQ, are removed. T^e retort A may 
be of any shape, but it should be sufficiently large for treating 
1500 kg. sodium nitrate’in one operation; or else two retorts 
for 750 kg. nitrate each are employed. For 1500 kg. nitrate 
suffices a cylinder, 3-6 m. long and 170 m* diameter; *the 
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average thickness of metal is 4 to 5 cm., the weight about 7 
tons. One of its ends is closed at the bottom by a cast-iron 
block, 36 cm. high and 36 cm. thick, provided with a discharging- 
hole for the bisulphate*. This block is joined to the retort by a 
cement, composed of S9 parts of cast-iron filings, 4 brimstone, 
and 7 sal-ammoniac. ’ Above this block the end of the retort is 
closed by a paste,'composed of silica bricks with a mortar 
ccltisisting of 50 parts fireclay, 25 siliceous sand, and 25 Port¬ 
land cement. This end-masotvy must be built with the 
greatest care; the bricks must be smooth and evenly cut, 
placed close * together,' completely bedded in mortar, and 
exactly fitted to the sides of the retort. In the upper part of 
it there is a charging-hole.for the nitrate, 50 x 30 c'm., closed by 
a stoneware or cast-iron plate with a hole for running in the 
sulphuric acid. The reaefion-tower B is 40 to 50 cm. wide, and 
consists of five cylinders, 60 cm. high each. ln f thc middle of 
the height of the lowest cylinder there is an opening for the 
entrance of f the gases, and at its bottom another for running off 
the condensing acid. This bottom cylinder is* covered by a 
perforated stoneware plate, on which rest three plain cylinders, 
and finally the top part, which is cone-shaped in order to be 
joined with the connecting-pipes c, c, which are 18 cm. wide. 
♦The cylinders are joined by a cement, made of sodium silicate 
and barium sulphate. This tower is packed with lumps of 
quartz or other acid-resisting material. The condcnsing-part 
E contains, first, a stoneware" pipe, and upon this a leaden 
cooling-worm, 10 cm. wide inside, 1 cm. thickness of lead, and 
500 kg. weight, bent as shown in the diagram ; at the top it is 
joiw»d to a stoncwarS pipe, connecting it with the end-towers 
C, C, which are similar to B, but higher by two cylinders. The 
nitric-acid vapours, generated in A, rise through B and the 
worm E, which is cooled on the outside by water flowing upon 
it and carried away in tin spouts. The acid condensing here 
flows back into B ; the hot vapours meeting it there, carry away 
all N./J.,, N 2 0 4 , and Cl. When running ouf of B, the acid 
passe^through .p lead pipe, slightly inclined towards the tower, 
and thus always remaining luted with acid, so that no vapours 
can escape here. This pipe lies in a laid box E, which receives 
the water coming down from the coiL E, and the acid from here 
rur^ into the receiver D,' The geid vapours, not condensed 
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in E, are kept back in the towers C, The f.rst of these is 
fed with strong sulphuric acid (94 per cent. 1 F,S 0 4 ), which flows 
upon a star-shaped lead plate in the top part and, as it flows out, 
is pumped back upon the second tower C. A slight feed of 
such acid suffices for keeping back the nitrous and nitric 
vapours, and this acid comes out at the bottom, about 200 kg. 
during each working of a charge, testing about 25 per cent. 
IINO.j, inclusive of 8 to 10 per cent, in the shape of N 2 0 ;i . 
This acid mixture may be u«cd up in the Glover lower of a 
sulphuric-acid factory, or denitrated in the way it is done at 
nitroglycerine factories, or rc-employc'd as part* of the acid 
needed for the cylinder A of the Skoglund apparatus. 

The following is a description <of the operation of this 
apparatus. After closing the hole for running off the bisulphate, 
the retort A is charged with 1450 kg. nitrate of soda, such as 
it conrcs out yf the warehouse, containiijg about 2 per cent, 
moisture. It is an additional advantage of this system that the 
nitre need not be previously dried. The nitrate is,spread out 
equally, the cloning-plate is put in, and the sulphuric acid is run 
in. For each operation 1535 kg. sulphuric acid of 95-5 to 9C per 
cent, is taken, and to this is added the whole of the weak nitric 
acid (about 44 B.) obtained in the previous operation. As a 
matter of course, somewhat more and stronger sulphuric acid is* 
required than in the old system, on account of the moisture of 
the nitrate and the water contained in the weak nitric acid. 
Now the fire is lighted underneath the retort; if this had cooled 
down altogether, the distillation commences aftei; one and a half 
or two hours, as is recognised by the smell of chlorine. From 
this moment the fire on the grate must \>c kept low and-very 
equal o'} the grate. Water is now run over the coil E, and 
sulphuric acid into the towers C, C. ’The nitric acid flowing 
out of 15 into D shows at first 40 1 B. and gradually rises to 
47°' 15 . At this point about 50 kg. has run out. The strength 
now rise's to 48-5° to 49 0 B., and again goes down to 47 ’ B.; 
from this point the acid is again kept separate and is mixed 
with the weaker acjd condensed before. Th^ “strong” acid, 
between 47 ‘and 49“ B., shows on an, average 48-3° B., 94 to 95 
per cent. HN 0 3 , and Ics^i than 010 per cent. N„O s ; it is of a 
light green colour and gives off no red vapours of N ; , 0 4 . The 
“weak” acid, that below 4S 1 B., is separately collected Iji a 
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stoneware tank. When the strength of the acid has gone down 
to ,36° B., the distillation’is interrupted, the bisulphate is run off, 
and a fresh operation may be made after three houts. It is 
important not,to go.below 36' B.; there is very little acid 
gained thereby, and this weak acid acts strongly on the lead of 
the cooling-worm. The distillation of the “strong "acid lasts 
seventeen to fifteei' hours, that of the “weak” acid four to six 
hours, so that an operation can be made every day. 

The yield from the above-stated charge is: 1000 kg. strong 
nitric acid of 94 to 95 per cent. flNO.,and less than 010 per 
cent. N,, 0 . s ; *250 kg. “weak” nitric acid and 200 kg. of the 
mixed sulphuric and nitric acid. The lead cooler lasts a very 
long time without repair,s, as it is soon coated inside with a 
protecting layer of lead nitrate ; it stands upwards of 100 
charges, without any repairs, except renewing the last 40 or 
50 cm. of piping, connected with the lowest stoneware pipe. But 
this lead worm must be always kept \yetted outside with cold 
water. 

The average yield from this process for <c 5 o kg. mono¬ 
hydrate is : strong acid 91-50, weak acid 0-75, acid mixture 4-75,' 
loss 3 per cent. This should be compared with the fact that in 
other processes from 100 monohydrate only 80 per cent, strong 
•acid is obtained. 

Guttmann (Z. f. Schicf u. Sprensptvcseu, 1906, p. 376) gives 
figures to show that fne results of that process arc not as good 
as those obtained by his own apparatus, described supra, pp. 171 
ct seq. ‘ • 

^ Treatment of thcnLVwcr Nitrogen Oxides, format in the 
Manufacture of Nitric Acid. 

As far as this subject belongs to the synthetical production 
of nitric acid from elementary nitrogen or from ammonia, it will 
be dealt with later on, in connection with that subject. In the 
present instance we describe only such methods for the above- 
stated purpose as are primarily intended Vor the ordinary 
manufacture of nitric acid, and an have not been already 
previously mentioned in connectibn with the condensation of 
nitric acid. 

1 This statement does not agree with the. figures given at an earlier place 
of t|jis paper. 



The primary object fs, of course, to convert these lowe* 
oxides, NO, N., 0 ,, and N 0 2 or N,, 0 , (nitrogen protoxide, N., 0 , 
is of courie out of the question), into nitric acid; HN0 3 , as far'as 
it is at all possible; but at all events they must he brought into 
a form in which they do not escape into the air as “noxious 
vapours.’’ This is most simply but not most advantageously 
accomplished by employing a small “Gay-Lussac tower,” 
consisting of a stack of stoneware pipes filled with coke aqd 
continually fed with sulphuric acid of 144" to 152" Tw. The 
gas enters at the bottom and issues at the top, and thereby 
gives up all its nitrous and hyponitric aqid to the sulphuric acid 
which arrives at the bottom as a more or less rich “nitrous 
vitriol,” and oan be employed in the manufacture of sulphuric 
acid. For a ton of nitre from 3) to 4 cwt. of sulphuric acid of 
the above strength arc required ; and nitrogen acids correspond¬ 
ing to.3 to s per cent, of nitric acid of 1-33 sp. gr. are absorbed 
by the same,"more or'less, according tt> the percentage of 
chlorides in the nitre. 

In such manufactures of nitric acid as are not in*connection 
with sulphuric.acid works, the coke-tower can be fed with water. 
If care is taken that an excess of air is always present, not merely 
the last remnant of nitric acid is condensed, but the lower nitrogen 
oxides arc likewise converted into nitric acid and thus saved. 

We first quote some laboratory investigations on the con¬ 
version of the lower nitrogen oxides intc»nitric acid, and then 
pass over to the processes employed or proposed for a manu¬ 
facturing scale. 

Lunge and Her] {Chew. Zeit., 19134, p. i243),fliowed that the 
proportion of nitrous and nitric acid in the oxidation of NO by 
air arc not influenced by the dilution of the oxygen, but by the 
quantity of water and the intensity of agitation. If the mixture 
of NO and air is at once agitated with a large quantity of water, 
the NO., first formed dissolves as a mixture of nitrous and 
nitric acid, whose complete conversion into UNO., by excess of 
oxygen takes place very slowly, all the more so the greater the 
dilution with water. Witji appropriate quantities of water, the 
formation of UNO., fakes place quantitatively. *• 

The combination of, nitric oxide' and oxygen to nitrogen 
peroxide does not always take place quite smoothly. Mandl 
and Russ (Z. nngew. Chen/., 1908, pp. 486-491) found thaf the 
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Reaction rrtay $top before the stage of N 2 0 4 is reached, and that 
this depends upon the Source of the oxygen employed. With 
compressed oxygen prepared from air it goes on tef the end, 
but no't with oxygen pbtained from BaO,, H,Cr., 0 -, and H,S 0 4 . 
With oxiygen obtained by the electrolysis of water the forma¬ 
tion of N„ 0 ., was almost complete, if the O had been passed 
over heated palladium asbestos, but not otherwise. It appears 
tkat the presence of ozone causes the stoppage of the reaction. 
Possibly perfectly pure NO anti O combine very slowly, and 
their rapid combination requires a catalyscr which is consumed 
by’ozone or i I /Their results arc contradicted by Ilolwech 
{ibid., pp. 2131-2135), who found that the reaction : 2 N 0 + 0 2 = 
N, 0 4 , proceeds completely and with about the Same velocity, 
whether the.oxygen was Linde’s or ozonised, nr made from 
BaO,, or from KCrO.,. - . 

Foerster and Koch (Z. angao. Chan., 1908, pp. 21-2172) 
describe their experiments on the aefion of mixtures of NO., 
and O or air, in different proportions, on water, and on the 
oxidation of NO,, by means of ozone, with a view of obtaining 
nitric acid of higher strength than is otherwise possible. If a 
mixture obtained from r vol. NO+ 2 vol. O is passed into water, 
UNO., is rapidly formed, until nitric acid of 40 per cent, is 
.obtained. The absorption of NO, then slackens gradually, 
until the nitric acid exceeds 50 per cent., and then goes on 
more rapidly again.*■ At the ordinary temperature no higher 
concentration than 68 to 69 pef cent, can be obtained ; at higher 
temperatures this goes on more slowly. The highest concentra¬ 
tion to be obtaWd from the interaction of NO,, O, and H .,0 is 
of Approximately the«s$me composition as the mixture of nitric 
acid and water of minimum vapour pressure. From NO and 
air with 1 per cent. NO ajiout 40 per cent, nitric acid, with 2 
per cent. NO about 52 per cent., with 5 per cent. NO, acid of 
55 per cent, can be obtained. The nitrous acid formed primarily 
decomposes completely in the course of time.into nitric acid 
and NO, which in course of time is oxidise'! into NO,,. By 
ozone # NO, is rapidly oxidised into lvtric anhydride, even when 
mixed with large proportions of afr, and by passing the result¬ 
ing gas-mixture into water or aqueous nitric acid, acid of more 
than 80 per cent, is easily obtained., 

1A continuation of this work by f Foerster and Blich {Z. angew. 



185 


NITRIC ACID , 

• * f t 

Chew., 1910, pp. 2018 et seq.) showed that the oxidation of NO 
by free 0 to N 0 2 between o° and ioo 0, goes oij more rapidly, at 
lower than at higher temperatures, probably because at first 
some unstable primary oxides arc formed. N a O :) , or mixtures 
of NO and N 0 2 , are much better retained by alkaline 
absorbents than pure N 0 . 2 . , 

Nicdcnfuhr (Ger. P. 155095), in order to Abtain the nitric acid 
free from the lower nitrogen oxides, condenses it at a high 
temperature and with application of draught. The fan serving 
as draught producer is placed behind the condensing-rcceivers, 
and in front of the apparatus for oxidising and condensing*the 
lower nitrogen oxides. Thus there is a slight lowering of pressure 
in the first condensers, by which the pilric acid is obtained in a 
purer state, and a rather higher pressure in the last part, which 
favours the oxidation going on there. Between the first con¬ 
densers and the draught apparatus a cooler is interposed by which 
the draught apparatus if better protected* against the action of 
the acid gases, and which also facilitates keeping the oxidising 
apparatus at' a low temperature. Mis B. P. 4353 of 1905 
describes the same process, and also a modification by which 
the conversion of the lower oxides of nitrogen into nitric acid is 
effected in two plate-towers (p. 164), the first of which is rinsed 
only modeiately so as to produce an acid of high strength, whila 
the second tower is strongly rinsed, without regard to the 
strength of the acid obtained, which acid*may be employed for 
rinsing the first tower. 1 

In his Ger. P. 1C0709 Guttmann shows an arrangement for 
the automatic introduction of air into the gasts evolved in the 
distillation of nitric acid. A conical pipe is put over thujas 
conduit. At its bottom there are openings for the air (which 
can be closed); the other end is kept at a certain distance from 
the gas-pipe, and through the annular space thus formed air is 
introduced into the gaseous current without the employment of 
pumps ®r injectors. 

Halvorsen (Norw. P. 15021) exposes very dilute nitrous gases 

to S 0 2 in such manner tfiat nitrosulphonic add, S 0 2 _OIIN 0 

SO -0N0 

01 its anhydride. ^ ^0 are obtained. This compound 

ONO 


1 
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can be fuicd hi metal vessels in order to make its carriage 
easier; or else it is disstfived in concentrated sulphuric acid and 
sent out in metal vessels. The concentrated nitrous* vapours 
are afterwards transformed in towers by means of air and water 
into nitric acid. Another advantage claimed is that the absorb¬ 
ing apparatus can be* made of njetal, in lieu of stoneware. 

The Norske Aktieselskabet for Elektrokesmi.sk Industri 
and Malvorscn (Fr. P. 380190) absorb dilute nitrous gases by 
lime, or by finely divided salts wjiich are easily decomposable, 
and kept in constant motion by revolving drums. 

Sinding-Ixirsen (Norw. P. 16083) utilises nitrous gases or 
dilute nitric acid by means of dolomite. He treats this with 
the dilute acid in such mariner that only the CaC(J. t is dissolved 
and the MgC'O., remains behind. The solution of calcium 
nitrate is removed by filtratiqn, and the MgCO., converted into 
nitrate by means of strong nitric acid. When heating the 
Mg (NO.,),, in a current of CO.,, .strong 1 INO.,’distils off and 
magnesia usta is obtained as a by-product. 

Naville, P. A. Gu\e, and C. K. Guve (Fr. P. 3S5569) convert 
NO into UNO,, preferably by alternate, instead of by simul¬ 
taneous treatment with O and water. The gases are subjected 
to three successive processes : (1) absorption of two-thirds of the 
combined N by water, according to the equation 3 N. J 0 4 + 2 H 2 0 = 
4lIN0.,+ 2\0 ; (2) desiccation of the residual gas by treatment 
with anhydrous calcihm nitrate or other drying agent, or by 
refrigeration; (3) oxidisation f>f NO to N„G 4 by spontaneous 
reaction with the excess of oxygen, or by increase of temperature 
or pressure, or by use of a catalyscr. Oxides of N present in 
airJ,o the extent of oftl£ 1 per cent, may be almost completely 
recovered by five repetitions of such treatment, but in each 
succeeding stage the reacticjns are slower and the gases should 
therefore be retained in the apparatus for a longer period. In 
any part of the apparatus the pressure may, if desired, be 
maintained above that of the atmosphere. 

The same inventors (Ger. P. 225153; Fr. P. '385605) say that, 
when the higher oxides of N have b<en absorbed by sulphuric 
acid, N a 0 ., is absorbed without formation of UNO,,. Hence the 
residual gas containing N(*> should be temoved to an oxidi,sing- 
chamber, in order to convert as completely as possible the NO 
intoi N 2 0 .,, which is then ‘made react with sulphuric acid 
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again. They employ a series of towers and chamtfeks, so that 

short periods of absorption alternate wifh periods of oxidation, 
the acid being pumped from the bottom of one tower to the top 
of the next, and finally passed through 4 heater in whith the 
free nitric acid is distilled off, any oxides of nitrogen produced 
being returned into the system. , The humidity of the gas is so 
regulated, by preliminary addition of water or by exsiccation, 
that the moisture just corresponds to the amount of N recover¬ 
able as UNO,, i.c., i g. mol. of.H .O for every 2 g. atoms of com¬ 
bined N. In this way, after 'distilling off the nitric acid, the 
residual acid is again ready for use as an absorbent* Oxidation 
is effected cither by raising the temperature (not above 200 ), 
or by use of a Catalyser, or by compression, and an increased pres¬ 
sure is preferably maintained in the whole system. In practice, 
a series comprising three absorbers' and three oxidisers is 
found sufficient to almost completely remove oxides of nitrogen 
from air containing them, in small quantities. 

The Norske Kvalstofkompagni (H. P. 6265 of 1905) absorbs 
nitrous gases first by water or dilute nitric acid, and tlie remain¬ 
ing portion of the gases by dilute alkali nr alkali carbonates. 

Vietinghoff-Scheel (Ger. I'. 225706) makes nitric acid from 
N 2 0 ,, M., 0 , and O by compressing the mixture to 5 to 10 atmo¬ 
spheres. There should be 0 220 kg. water employed for 1 kg., 
N,0,, whereby nitric acid of 98 per cent, is formed. 

The Klektrochemische Werke (Fr. P* 388305) concentrate 
oxides of nitrogen, when mixed'with much air, by submitting 
them to the action of the oxides of Zn, Cti,' or Pb, which 
furnish nitrates and nitrites, readily decomposed by heat in iron 
retorts at 500°, or under reduced pressure ftt lower temperatures. 

Scherfenberg and Pra'ger (Ger. I’. 202560) place a series of 
reflux-coolers immediately on the t$p of the condensing-tower, 
in which tower the gases arc converted into a spray, so that this 
spray comes into intimate contact with the acid flowing down 
from the*coolcrs. The coolers consist of a bundle of perpendi¬ 
cular pipes, whieft are less liable to breakages and leakages than 
serpentine coolers. / 

The Salpetersaurc-IndustHe-Gesellschaft Gelsenkirchen (Ger. 
P. 237684) introduces the drying agent (sulphuric acid cooled 
below ]8o") into the gases at a temperature at least equal to 
that of the escaping gases arul vapouhs, and conducts the coaling 
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in such manner that the temperature of the drying agent is in 
no case considerably higher than that of the gases and vapours 
in contact with it. Thus, c.g., nitric acid vapours containing 40 
to 50 per cent., aqueous vapour are passed into a vertical tube, 
packed with acid-proof material and cased in a jacket into which 
cooling-water enters'at the bottom ; the gases and vapours from 
the inner tube pass' 1 away at the top into a condenser, in which 
they are further cooled by sulphuric acid, which is thus heated 
to the temperature of the vapou*s and injected into the tube at 
the top. Their Gcr. P. 211919 prescribes separating the com¬ 
pounds by sifpcrheating above the boiling-point of the highest 
boiling component, and introducing them into a rectifying 
column, fed with the lowest-boiling component,‘ so that pure 
vapour of this component escapes. The Tr. P. is 422902 ; the 
Amer. P. (with Pauling), 593868. 

Bergius (Ger. P. appl. B. 53617) obtains frign mixtures of 
gaseous nitrogen peroxide with gases containing oxygen and 
water, concentrated nitric acid, by causing the reaction to take 
place at higher temperatures and at high pressure which pre¬ 
vents the re-decomposition. 

PTederich (B. P. 319 and 403 of 1911) obtains red fuming 
nitric acid by adding one molecular proportion of water, a little 
•-at a time, to one molecular proportion of liquid N., 0 4 , contained 
in an autoclave provided with a stirrer, and introduces oxygen 
under a pressure of* 3 to 5 atmospheres, until the gas is no 
longer absorbed. Or else nitrogfn peroxide is absorbed in wood 
charcoal, instead of employing liquid N„ 0 , t , stirring the mixture 
in an autoclavc*and introducing oxygen under a pressure of 1-5 
to^rkg. per sq. cm. * 

The Norske Aktiesclskab. and Halvorsen (Fr. P, 363157; 
Amer. P. 892516; B. P. 3E80 of 1906) dissolve nitrosulphonic 
acid in concentrated sulphuric acid, add a little water and an 
oxidiser, such as MnO a , Pb 0 2 , CrO :j , or a chromate, distil off the 
nitric acid formed in iron retorts, and recover the oxidiser from 
the residue by electrolysis, thus: 

Cr/.SO,)., + 611,0 2 CrQ 3 + 3 T LSO, + 3 II... 

The Farbwerke Hochst (B. F. 1903c of [911), in the process 
of manufacturing nitric acid from the oxides of nitrogen and 
oxygen in presence of water, obtain the gas pressure in the 
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apparatus for conveying the liquid into the absorption system 
by means of oxygen instead of air, anti afterwards introduce 
this oxygtm, carrying with it any entrained nitrous gases or 
vapours, into the absorption system. « , 

Engels and Diirrc (Ger. F. 229096) make concentrated nitric 
acid from concentrated nitrous gases, air, and water, by gradu¬ 
ally admitting air in less than the ,theo/etically necessary 
quantity (except at the close). Thus, e.g., from gases rich in 
NO.,, such as arc formed in the manufacture of oxalic acid 
from sugar and nitric acid, nitric acid of 60 to 65 per cent. 
HNO :[ is obtained. The process does ivot apply tt> gases con¬ 
taining less than 50 per cent, pure nitrogen oxides. 

The Salpcfersaure-Industrie-GeselLschaft Gelsenkirchen and 
Pauling ( 15 . P. 9884 of 1910) cause a current of air containing 
oxides of nitrogen to meet an opposing current of alkaline 
liquor, c.g. in a series of towers. After the alkali has passed 
some of the towers, some pf the nitrite formed is separated by 
evaporation of the lye; after it has passed through the rest of 
the system, nit'rate is crystallised from the liquor. 

Guye (Fr. P. 404630) treats gases containing NtO :l and NO„ 
with organic solvents, such as chloroform, carbon tetrachloride, 
ethyl bromide, chloro- and bromo-benzene, a solution of nitro- 
naphthalcne in nitrobenzene, etc., and recovers the gases from ■ 
the solvent in a concentrated form by distillation or crystallisa¬ 
tion of the solvent. Before absorption, th<? gases are dried by 
sulphuric acid charged with nitrolis fumes, in order that metal 
apparatus may be employed. Solvents of- low boiling-points 
are unsuitable, if the oxides of nitrogen arc diluted with much 
air. * * 

Verge^Kr. P. 409194) o"btains an improved yield of nitrogen 
oxides in the synthetic process by tlje immediate and extreme 
cooling of the products by means of liquid air. The central 
zone is brought by the arc to a temperature of 2500", while the 
outer part 1 of the reaction chamber is at — 200’. The liquid air 
also removes the NO at once by absorbing and precipitating it 
in the solid form. The s*lid oxides may be filtered off and 
treated with water and air, to'obtain nitric acid 'of any desired 
strength. » 

Halvorsen and the Nonsk-Hydroelektri.sk-Is vaelstof A. S. 
(Amer. P. 948726; Fr. P. 380490) absorb the fu'mes by limd or 
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salts of acids* which arp liberated by nitric acid, suspended in 
water and kept continually in motion. 

Sparre (Arner. 1 ’. 10083X3, transferred to the Du Pont de 
Nemours Powder CX>.) passes an electric current through a 
solution’ of nitrogen oxides and through water, the current 
density being kept high in tfie solution of nitrogen oxides, 
viz., above 100 amp. *per square decimetre, but low at the 
electrode placed in water. 

The Badische Anilin- und* Sodafabrik recover nitrogen 
peroxide from gaseous mixtures containing but little of it, in 
a solid form* by the cooling action, produced by compressing 
the gases, removing the heat produced by compression and 
adiabatic expansion. ' 

The following patents for the treatment of gases and 
vapours seem to be especially adapted for the purpose in 
question: Moscicki,,Ger. P. 234259; Maschinenfabrik Buckau, 
Ger. P. 234509. 

Concentration oj Nitric Acid.. ■ 

We have“had to speak of this operation incidentally before, 
e.g. in connection with Valentiner’s process, pp. 173 ct set/. 

Colin (Fr, P. 211045) prepares fuming nitric acid of sp. gr. 15 
c by distilling nitric acid of 1-4 with sulphuric acid of 1-84 in 
enamelled cast-iron retorts, and employing a glass three-way 
cock for separating tile distillates. 

Erouard (Ger. I’. 62714)' 4E0 concentrates dilute nitric 
acid, or waste ,acids' from nitrating processes, by adding strong 
sulphuric acid,t>r a solution of (JaCL or MgCL [!], and distilling 
the*'mixture in a vessel in which it travels in a zigzag direction. 

II. A. Frasch (Ger. P. 82578) prepares highly concentrated 
nitric acid by passing* tho>- vapours from the nitric-acid retort 
through a tower heated above the boiling-point of the acid, in 
which hot concentrated sulphuric acid is descending, or in which 
other dehydrating substances, such as anhydrous sulphate of 
soda or burnt plas,ter-of-Paris, act upon the mixed vapours. 

T.he Vercia Chemischcr Fabrik'en iiq, Mannheim (Ger. P. 
85042) places between the still and the condenser, a dcphleg- 
mator, from which the dilute acid cdhdcnscd there runs back 
into the still. This dephlegmator is kept at a temperature of 
85^C., so that the concentrated aoid can pass on. 
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Waldbauer (Ger, P. 155006), in order to avoid. the expensive 
vessels used for distilling crude nitric acid, made of glass, 
porcelain* or platinum, or of running the impure acid into hot 
sulphuric acid (whereby the vessels are gradually attacked), fills 
the stills with some granular material, such as sand,' pebbles, 
broken glass or china, preferably placing fine sand next to the 
sides of the vessel, then coarse sand and in'the centre pebbles. 
The acid is run upon the latter, gradually flows into the hottbr 
parts near the sides, and is -evaporated before it reaches the 
walls of the still. This process admits of employing stills 
made of a cheap and durable materiM, which tould not be 
employed if the acid came into direct contact with it. 

Collet (Norw. 1 ‘. 13925; C'hcm. Xt'it., 1905, p. 457; Amcr. 
P. 854928; Fr. P. 357221) concentrates nitric acid by means ol 
hot air. The escaping gases and- vafrours are passed through 
a column fed with dilu.tc nitric acid, then through a cooling- 
shaft and at last through a vessel filled with lumps of calcium 
oxide. By this method it is claimed that 60 per pent, nitric 
acid is made mOre cheaply than by any other method. 

Dieffenbach (Ger. P. 174736; P'r. P. 371688) also con¬ 
centrates dilute nitric acid by heating it with alkaline poly¬ 
sulphates which take up the water, from which they can be again 
separated by heating by themselves. This may be done in 
cast-iron vessels without any visible damage to them. If 100 g 
nitric acid of 36° B. is heated with 1000 g. polysulphate of 
the composition: NaHS 0 4 , II.,S 0 4 to 105 to 120, nearly all 
the nitric acid distils off with 95 per cent. If Nand the 
remaining polysulphate is easily concentrated' again. 

Boeters and Wolffenstein (Ger. Ps. 181)865 and 191912) -heat 
nitric acy of, say, 68 per cent., in an iron retort and pass the 
vapours through a scries of stoneware receivers, kept at about 
ioo° by a water- or sand-bath, which are charged with a 
dehydrated nitrate. When this has taken up enough water 
the receiver in question is put out of series by means of a 
three-way tap and is connected with a vacuum," whereby the 
nitrate is dehydrated ancHnade again fit for uss. 

The sam'e inventors (Fr. P. 3717 V 7 ) concentrate nitric acid 
by pouring it over calciifhi nitrate, dehydrated at 150“ to 200° 
which thereby passes over into a porous mass. Preferably, a 
counter-current is employed? if necessary with admission of, air 
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For the concentration up to acid of 63 percent. 1-25 to 1-5 parts 
of„Ca(N 0 3 ) 2 is required.* 

The Chemische Fabrik Griesheim-Elektron (Ger. 1* 174736; 
Amer.'P. 819262; Fr.,P. 358373, etc.; Johnson’s B. T. 19989 of 
1905) mire dilute nitric acid at no° to 130° with polysulphate, 
distil the concentrated acid off and then raise the temperature 
to 250° to 300°, witerehy the polysuiphate is dehydrated and 
can be used over again after cooling down to 120° to 130°. 
(This process is not at work nojv on a commercial scale.) 

Uebel (Ger. P. 210803) performs the concentration in stages. 
P'irst he distiis the dilute nitric acid at higher temperatures with 
sulphuric add of medium concentration, and treats the distillate 
with stronger sulphuric aci.d at lower temperatures ;' the sulphuric 
acid used in the second stage is afterwards employed for the 
first; it is employed at a strength of 80 per cent., to the extent 
of three times the quantity of the nitric acid. P'rom the second 
still the nitric acid comes out with 70 to 75 per cent. I 1 N 0 3 ; it 
runs into the first still, and here a vapour of 90 per cent, comes 
out, which by partial cooling can be made to yield acid of 95 
to 98 per cent. HNO s . In this way also the waste acid mixtures 
from nitrating processes may be utilised. 

Vietinghoff-Schecl (Ger. P. appl. V8284; later on with¬ 
drawn) concentrates the acid by first converting it into 
ammonium nitrate, drying this and distilling it with con¬ 
centrated sulphuric atid. 

Plath (B. P. 9133 of 1901) makes clear concentrated nitric 
acid by interposing between the perpendicular cooling-pipes 
and the receiving-vessel a cooling-worm about 80 ft. long, air 
being passed through '-opposite to the current of acid, and the 
temperature in the cooling-tub being regulated in such a manner 
that the acid comes out both cold and free from lower nitrogen 
oxides. 

FYom a private letter I gather the information that the 
strongest ordinary nitric acid, say 96 per cent., cannot be 
obtained even with dried nitrate and sulphuric monohydrate, 
unless,.the retort^ are worked at the least possible heat, owing 
to the strong dissociation of the nitric acid setting in at 86°. 

Brauer (Ger. P. 222680; Amer. P. 1008690; B. P. 14381 of 
1910) concentrates nitric acid by heating with phosphoric or 
arseaic acid. These acids have thq.advantage that they do not, 
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like sulphuric acid, form a chemical combination with nitric 
acid; hence the heating need not be clriven higher than tfje 
boiling-pcant of the nitric acid, which means a saving of fuel 
and the avoiding of losses by the splitting,.off of lower nitrogen 
oxides. 

The Swedish Nitric Syndicate (B. P. 10592 of 1908 ; Ger. Ps. 
233031 and 236341 ; Fr. Ps. 402078 and, 403079: Airier. Ps. of 
Sohlrnann, 1009196 and 1009197) concentrate weak nitric acid, 
especially that obtained by the oxidation of atmospheric nitrogen, 
by distilling with sulphuric acid in a continuous manner, the 
acids flowing down in a column heated externally, while a 
current of hot air (of which but little is required) passes up¬ 
wards in the column. Or else the concentration is effected in 
two steps : (i) to about 60 per cent, by diiect contact with the 
gases from the electric furnaces ; j'e) <*o 90 to 97 per cent, by 
distilling with strong sulphuric acid, as above described. The 
waste heat from the furnace gases is utilised in various ways. 

Pauling (B. P. 22037 of 1909) heats dilute nitric acid to a 
temperature ;ft which it is decomposer! into a mixture of NO.,, 
O, and I MO, and rapidly cools the products. Thus a mixture 
of NO., and 0 , nearly free from water, is obtained, from which 
concentrated nitric acid is readily prepared. Mis B. P. 22320 
of 1910 describes the concentration of nitric acid by causing it, 
to trickle down in a vertical column, together with sulphuric 
acid, in an ascending stream of steam or hot gases. B. P. 22322 
of 1910 describes a modification »f this process. Mis Amcr. P. 
993868 describes dehydrating nitric acid .Vapours by passing 
against a counter-current of sulphuric acid, kept at a tempera¬ 
ture near that of the vapours at all stages of the process. „ . 

Nathan, J. M. Thomson, and W. T. Thomson (Fr. P. 406806) 
condense nitric acid vapours by passing-them through cooling- 
worms from the bottom upwards, the cooling being effected by 
running water on to the top of the coils. The upper ends of 
these are.connccted with a vacuum. The nitric acid running 
out at the bottonf is almost free of lower nitrogen exides. 

The Salpctersaure-Inijustrie-Gesellschaft (Austr. P. J appl. 
A2969) treat nitric-acid vapburs by water-absbrbing fluids at 
such temperatures which at least equal those of the vapours 
going out, and are not essentially higher than this. 

Dieffcnbach and Uebel (Ger. P. 238370) cSncentrate nitric 

* • » XT * 
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acid by clistjlling it over pyro- or inetaphosphoric or the 
apalogous arsenic acids', or acid salts of these, in vessels made 
of quartz. Eg. on heating aqueous nitric acid with pyro- 
phosp'horic acid at j io° to 115', nitric acid of 99 per cent, 
distils over. The orthophosphoric acid remaining behind is 
reconverted into pyrophosphosic acid by heating to about 210°. 

Hale and Scotft(B. Es. 24379 and 253S6of 1910) cause dilute 
nitric acid to be absorbed in kieselguhr and heat this in an 
earthenware or cast-iron retort,< if necessary provided with a 
stirring arrangement, under reduced pressure. The vapours 
are condensed, and acid of any desired strength may be pro¬ 
duced by adjusting the temperature of distillation and the 
degree of vacuum. 

The Farbwerke liochst (Fr. 1 ’. 432990) concentrate nitric 
acid of 60 or 62 per cent.-to a higher point by passing a mixture 
of nitrogen peroxide and oxygen through it. 

The Soc. anon. Ic Nitrogcuc (Austr E. appl. A133) produce 
nitric acid upwards of 95 per cent. HNO ;l by treating a mixture 
of liquid nitrogen peroxide, water, and oxygen in molecular 
proportions under high pressure. 

Other processes for the concentration of nitric acid, apart 
from those incidentally mentioned supra in various places, will 
,be described infra in connection with the synthetic production 
of nitric acid from free nitrogen or ammonia. 

Manufacture of '100-pcr-ccnt. Nitric Acid .—According to 
Valentiner and Schwarz (Ger. T. 144633) the reason why pure 
100-per-cent, nitric acid up to that time had not been obtained 
in one operation was the difficult)' of decomposing sodium 
nitrate by sulphuric-acid of 170 Tw. in the vacuum on a 
manufacturing scale, owing to the formation of enormous 
quantities of froth towards,.the middle of the operation, which 
is perilous for the stoneware parts of the apparatus and con¬ 
taminates the distilling acid with bisulphate carried over. 
This frothing can be avoided by adding the sulphuric acid not 
all at a time; The retort is charged with the nitrate and with 
about one-third of the sulphuric acid (170° Tw.) required for 
complete decomposition; this quantity is completely mechani¬ 
cally absorbed by the nitre. The'evolution of nitric acid 
commences immediately, and when the boiling temperature 
has,been attaiited, the nitric acid begins to distil off quietly 
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and evenly. According to the progress of distillation, fresh 
sulphuric acid is run into the retort, at such a .rate that there 
is always enough sulphuric acid present to decompose the 
nitrate into bisulphate and nitric acid. The sulphuric acid is 
run into the retort neck through a vessel, filled with pumice 
blocks, through which the nitric-acid vapours must pass before 
leaving the retort, by which process they are Completely purified 
and concentrated. The fresh sulphuric acid, run through that 
pumice-vessel on to the nitre, acts much better than that acid 
which has been in the retort for hours and is charged with 
bisulphate, since that fresh acid contains no bfsulphatc in 
solution. 

The Salpetersaure - Industrie - Gesellschaft, Gelsenkirchen 
(Ger. 1 \ 180052), concentrate nitric acid up to 100 per cent, 
by electrolysis. The nitrogen oxides formed thereby at the 
calhode'are introduced at the anode and tljerc oxidised by the 
oxygen formed into NIIO„ after having been liquefied by cool- ' 
ing. 1 heir Ger. P. 180587 describes the employment of waste 
acid from nitrating processes as anodic liquor in the above 
process. Another modification is described in their Ger. 

P. 184958. 

Douzal (Fr. P. 396367) obtains nitric acid free from lower 
nitrogen oxides, and of a concentration hitherto impossible to * 
obtain, by cooling nitrous gases, before hydration, to 24 , and 
then treating them with oxygen, rich in ozone, in the presence 
of a shower of cold water; nitrous acid is thus quantitatively 
transformed into nitric acid without, the formalion.of NO. 

The Elektrochemische VVerke, I>erlin,(B. P. 15432 of [910; 
Ger. I’. 231546), obtain solutions of nitrogen pentoxide in mdlio- 
hydrated r'tric acid by the electric oxidation of solutions of 
NA or NT)., in UNO.,. In order to prepare such a solution, 
containing 20 per cent. N 2 0 6 , a solution of 17 parts pure N., 0 4 
in 80 UNO., is placed in the anode space, and electrolysed with 
platinum anodes at a current density of 200 amperes per super¬ 
ficial metre, and 7 vols. The oxidation is fin'shed after 17,000 
ampere hours. , . , 

JSIitrc-cake. 

The fixed residue from the manufacture of nitric acid (called 
“ nitre-cake ,” or, in the workmen’s language, “<^l!y nixon,’*, a 
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corruption of “sal enixum”) is practically a mixture of neutral 
mid acid sodiuin sulphate. It generally contains from 25 to 30 
per cpnt. “ free acid ” bisulphate acid) calculated as SO„, 
and only traces of nitrate. We treat of its use’ in the manufac¬ 
ture of'sodium sulphate and carbonate in detail in Vol. II., and 
now only remark that most of it is worked up with common 
salt into ordinary'Salt-cake and hydrochloric acid; part of it is 
also used up directly for glass-making, but no doubt not to great 
advantage. In this place we mention some other applications of 
nitre-cake and some processes, published since the date of the 
last editions of our Vol II. 

Kirkman (B. P. 5703 of 1889) employs it as an absorbent for 
ammonia, in which case a profitable utilisation of Na.,S 0 4 will 
be very difficult. 

Giles, Roberts, and"Bonkc (B. P. 11979 of 1890) convert 
ordinary nitre-cake t by addition of sulphuric arid into “ penta- 
sulphate,” Na 2 0 , 5 S 0 3 , 3HBO, which can be packed in iron 
drums [?] ( or ordinary casks and usefully employed for certain 
purposes {cf Uebel’s “polysulphate,” p. 154). v 

Barbier* (Amer. P. 4S4546) dissolves nitre-cake to form a 
solution ot 35 to 45’ Baume, and cools this down to about 
10° C, by which process it is decomposed into crystallised 
sodium sulphate and free sulphuric acid [?]. 

Cheescman (Amcr. P. 714145, assigned to Agnew, Agnew 
and Harlow) describes a process which 1 long ago proposed to 
those interested _ in the master as open to everybody, viz., 
neutralising 4 solution of nitre-cake by lime (or calcium carbon¬ 
ate), separating the calcium sulphate by filtration or otherwise, 
running off the sortition of sodiuin sulphate and utilising this, 
fur instance, for the manufacture of “blanc fix” (pjarl harden¬ 
ing), by precipitation with' barium hydrosulphide solution. 

Bolle (B. P. 6898 of 1904) mixes the bisulphate with about 
12 per cent, of wood shavings and about 2 per cent, of coke in a 
retort, provided with a mechanical agitator, and thei'i heats the 
mixture with agitation, till all the S0 2 formed has been driven 
out.and only neutral sulphate remains. . (This is a communica¬ 
tion from the Chcmischq Fabrik Grunau.) 

Nibeiius (Amer. P. 873070) treats nitre-cake with a volatile 
liquid which dissolves the acid, but not the sulphate, removes 
tl?e latter, aqd distils the solution under diminished pressure 
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to recover the volatile solvent, sulphuric acid remaining’ 
behind. * 

•Parker ;B. P. 24639 of 1903) brings a solution of nitre-cake 
into contact with a large excess of iron, thus forming ferrous 
sulphate and (by reduction of any nitrate present) ammonia. 
This solution is worked up for, ferrous salt, ammonia, and 
sodium sulphate. • 

G. E. Davis ( 15 . 1 ’. 14749 of 1903) adds to a hot concentrated 
solution of nitre-cake, clay, or bauxite, and heats and agitates 
by high-pressure steam. On cooling, a mass is obtained, suit¬ 
able for sewage precipitation, etc ; but it is usually'worked up 
by dissolving, crystallising out the excess of sodium sulphate, 
and then working for sodium alum. 

The manufacture of sulphuric anhydride or acid from nitre- 
cake will be further described in Chapter XII. 

Uhlisation*oJ Waste Acids, from Nitrating Processes. 
Enormous quantities of nitric acid, always mixed with strong 
sulphuric acid,tir<< consumed in the manufacture of nitrobenzene, 
nitrotoluene, and other aromatic compounds required in the 
manufacture of colouring-matters, as well as in that of nitro¬ 
glycerine, nitrocellulose, and other substances serving as 
explosives. The waste acids formed in the first class of pro- . 
cesses contain but little nitric acid, generally only about 1 per 
cent., with about ,j per cent, of nitrobenzi n„, etc. They may’ be 
used directly in the Glover to\\*cr, where the nitric acid is 
utilised as well as the sulphuric acid. Special processes for 
denitrating these acids are rarely employed, least* of all with a 
view of recovering the nitric acid, which*does not pay for.thc 
trouble and expense. 

The case is entirely different with the waste acids from the 
manufacture of explosives. These contain much more nitric 
acid than those from the manufacture of nitrobenzene. Nitro¬ 
glycerine .waste acid contains about 10 per cent. N110.,, 70 
H 2 S 0 4 , 20 II., 0 ; gun-cotton acid it or 12 UNO..* 80 PESO,, 

8 II/). These acids, if it js not possible to consume them in a 
Glover tower,.can be'used fot replacing part of the sulphuric 
acid in the nitric-acid manufacture; or else they are denitrated 
by steam, producing dilute sulphuric acid (which is concentrated 
by evaporation and used over again) and nitric acid, together 
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with lower nitrogen oxides. By passing the vapours mixed 

with air through som£ receivers and then through a “ Lunge 

tov/er," the nitrogen oxides are also converted into <nitric acid, 

the total beiqg recovered as nitric acid of 7o'’ or even 80" Tw. 

{cf. pp. 164 and 168). 

A detailed description of the denitrating process is found in 
O. Guttmann’s HKuuf'cture of Explosives (London, 1895) vol. ii. 
p. 177. 

The denitration is altogether similar in this case to the 
process to be described in Chapter VI. in connection with the 
recovery of'nitre in the lead-chamber process. The best kind 
of apparatus is a column of Volvic lava, made in one piece and 
packed with bits of flint, or quartz. Steam is injected to such 
an extent that the outflowing denitrated sulphuric acid has a 
specific gravity of abouv 1-635; it is often strongly coloured, 
The vapours are passed, together with air, injected or aspirated 
by suction, through a number of receivers, say six or eight, or 
else a small Guttmann battery, and then into a Lunge tower fed 
with a very thin stream of water, followed again by a few 
receivers. ' 

Where very large quantities of nitrous vapours have to be 
regenerated, whether it be from waste acids of the just-men¬ 
tioned kind or from other chemical processes, it is best to 
combine several plate-towers, one of which maybe placed above 
the others so as td feed them with the weak acid produced 
therein. Thus all the recovered nitric acid can be brought up 
to sp. gr. 1-38. Thy Krauschwitzer Thonwaarenfabrik, Muskau 
(Silesia), furnishes this kind of plant. A very complete 
apparatus for this pitrposc has been arranged by Niedcnfuhr, as 
described and illustrated supra, p. 171. 

Where sulphuric rfnhyjdride is made, these waste acids can 
be brought up to strength by means of SO, and used over again. 

The following process for the recovery of nitric acid from the 
waste acids produced in the manufacture of nitroglycerine and 
nitrocellulose, as carried out at Ilayle, works very well indeed. 
The,waste aci<J, is denitrated in a small \folvic column, standing 
in a strong leaden sockpt, with an overflow about 8 in. from 
the bottom. The steam-pipe must hot end free in the column, 
but within the liquid, say 6 in. below its level, so that the 
stgam rising fijpm the liquid effects the denitration. The opera- 
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tion is commenced by putting water into the lead socket and 
passing in steam until the column is hot* Only then the feeding 
with waste acid is started and is conducted in such a manner 
that at the bottom sulphuric acid of 74 to 75 per cent. II..SO,, 
issues at a temperature of i6o c C'., in which case the denitration 
is perfect. The nitrous vapours pass first through four empty 
receivers, for the purpose of cooling, then successively through 
five Lunge towers, about 6 ft. high, and then through eight 
receivers, charged with 6 in. of water each. The towers are fed 
very slowly with water, the holes in the covers being plugged 
up with wood in such a manner that the water tridkles down in 
drops. On the top of the first tower 011c of the holes is left 
open in order to draw in the necessary air. Thus the towers 
yield nitric acid of 57 to 64 per cent. IIN() :1 , inclusive of 1-5 per 
cent. N..O,, on the average of sp gr. 1-40. The water in the 
receivers is le£t there until the specific gravity reaches 1-37. 
This plant denitrates 10 tons of waste acid per diem. 

Pauling (Amor. P. 898300) concentrates waste nitrosulphuric 
acid by placing it in the anode compartment of an electrolysing 
apparatus, the cathode compartment being filled with dilute 
nitric acid. The nitrogen oxides liberated at the cathode are 
conducted into the anode chamber. 

Cf also supra, p. iCS, the process of Hirsch and several 
others. 

Various other Processes for tin• Manufacture of Nitric Acid. 

Glock (Ger. P. 110254) heats nitrate in a pan provided with 
stirring-gear to 120" to 150° and runs in the equivalent quantity 
of sulphuric acid, previously heated to too to 150 , in a.thin 
jet. The end of the decomposition is facilitated by steam or a 
thin jet of water. At last air is bLwn Through, whereupon the 
solid, pulverulent neutral sodium sulphate is ladled out. Or 
else the nitrate is from the first heated to 250' C. [This 
process looks extremely impracticable.] 

Manufacture of Nitric Acid without Snip auric Acid .-— 
Campbell anti Walter (I). P. 9782 of r894) grind nitrf-cake 
with nitrate" of soda and charge the, mixture into retorts pro¬ 
vided with a mcchanicalTigitator. 

Garroway (B. P. 6777 of 1899; J. Soc. Chew, hid., 1901, p. 
H91) mixes ordinary acid nftre-cakc with^sodiijm nitrate, ljeats 
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the mixture in a retort, and blows a spray of weak nitric acid 
by means of cofnpresscd air over the mixture. The nitrogen 
oxides, mixed with steam and air, are regenerated by con- 
densing-tubes .and towers into nitric acid. It is alleged that 
ultimately a 96-per-cent, acid can be produced. The residue 
is neutral salt-cake, testing 91636 per cent. This process is 
stated to have been worked for three years at Glasgow. 

Garroway (B. P. 2466 of 1895) also prepares nitric acid by 
heating a mixture of nitrate oftsoda and ferrous sulphate or 
alum, obtaining sulphate of soda and oxide of iron or alumina. 
He also patents the decomposition of sodium nitrate by silica 
(B. P. 2489 of 1896). 

Very interesting are the processes intended for decomposing 
nitrate of soda in such manner that, besides nitric acid, caustic 
soda is formed. Theoretically these processes are enormously 
superior to the ordinary process; there is no wa^te of sulphuric 
acid and no production of nitre-cake, vyhich is a product of very 
low value, but the soda is converted into its most valuable form, 
as caustic or carbonate. But not one of these 'processes has 
come into regular use. They all suffer from the drawback that 
the temperature of decomposition is too high, which necessitates 
special shapes of retorts and great wear and tear of these, and 
.that some of the nitric acid (often a very considerable pro¬ 
portion) is reduced to lower oxides. These can be reconverted 
into nitric acid by m£ans of intimate contact with air or water, 
in “plate-columns” (Lunge lowers) or otherwise; but this 
cannot be done without a perceptible loss, and it never leads 
to the production of very strong nitric acid, such as is required 
for the manufacture eft’ explosives and many other purposes. 

We therefore only refer to the enumeration of these processes 
in Vol. III. (second edifion)£pp. 254 et scq., and briefly quote the 
more recent additions to the subject. 

A special retort for the Lunge and Lyte process (decom¬ 
position of NaNO.j by Fc., 0 ,) has been constructed and "patented 
(Ger. P.’906 s^). It consists of a revolving cylinder placed in a 
slopiryg position, with inner projections and contrivances for 
feeding and exhausting without stopping the process. A full 
description of the whole process hast been given by J. L. F. 
Vogel in the Eng. and Min. /., 1900, p. 408. 

iyiain, Stcvcrfston, and M‘DonaJ.d (B. B. 23819 of 1895) heat 
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sodium nitrate with manganese oxides. Garro\$fay (Ger. P. 
79699) employs lime and superheate*d steaip. Vogt (B. P. 
22018 of'1891) heats with lime, ferric, or manganese oxides in 
a current of superheated steam and carbon dioxide. 

Hemingway (Amur. 1 ’. 781826) manufactures nitric acid by 
mixing nitrate of soda, sulphuric acid, and water, heating the 
mixture to 77" and gradually adding fcrroils sulphate. Ferric 
sulphate and sulphate of soda are obtained as by-products. 
The nitrous vapours arc condensed in the usual manner with 
the admixture of air. 

Blackmore (for Robinson and Sprifance, Amfir. P. 982466) 
exposes barium nitrate to the action of superheated steam, 
whereby Ba(*X, and nitric acid are formed. 

Guye (Fr. P. 38986.4) obtains nitrophosphates, for applica¬ 
tion as manure, by passing mixtures of air, with very small 
quantities of ^itrogen oxides, over tricalcic phosphate, in the 
presence of sufficient mpisture. Thereby mixtures of di- and 
inonocalcic phosphates with calcium nitrite and nitrate are 
formed. ’ • 

The Chemische Werkc vorm. Byk (Ger. P. 208143) make 
concentrated nitric acid from calcium nitrate by adding con¬ 
centrated sulphuric acid, and separating the liquid from the 
CaSO, formed by filtering, pressing, or centrifuging. The sama 
process is described in the Amer. P. 928545. According to 
Ger. I’. 217476 they bring about the Tlccomposition of the 
calcium nitrate by the theoretical quantity of sulphuric acid 
in the presence of so much water ^that nitric acid of not essen¬ 
tially more than 59 per cent. HN 0 3 is formed. » The advantage 
of this modification is that the time il filtration is very jnuch 
reduced, as hydrated calcium sulphate allows the liquid to pass 
through rapidly, and the channels *ire 'not stopped up by the 
hydration. Moreover more concentrated nitric acid is thus 
obtained, because the gypsum combines with 2 mols. of water. 
They dissolve too parts of Notodden nitre in nitric acid of 
55° B. and add sulphuric acid until no more calcium sulphate 
is precipitated (Fr. P, 400305). , , 

Dieffcnbnch and Moldenhauer (Amer. P. 914813; Fr, P. 
389500) convert hydrocyanic acid into oxides of nitrogen, by 
passing it, mixed with oxygen or air, overheated catalysers, 
such as Pt, Pd, Ir as MnO.,, lay which the combustion is effi^rted 



202 


HAW MATERIALS 


a t a temperature below that at which the nitrogen oxides are 
destroyed. , 1 

, Nitric Acid from Atmospheric Nitrogen. 

In thq natufe of things, the Chilian and other beds of native 
nitrates are doomed to exhaustion, sooner or later, and long 
before this takes pjace, the price of nitric acid, if depending 
upon that raw material alone, would have risen to a dangerous 
height. Hence it is a mattcrofcour.se that numerous efforts 
have been made for some time past towards utilising the in¬ 
exhaustible ,%torc of nitrogen, present everywhere in tire shape 
of atmospheric air, for the manufacture of nitric acid, which is 
all the more a most natural aim, as the other ingredients for 
the process, viz., free oxygen and water, are likewise present 
everywhere, and arc to Ije had for nothing. 

The problem is merely to find out profitable wavs for 
bringing about the reaction: N., + 5 OH 11 .,() — ? 11 NO,, which 
evidently does not easily take place by ordinary means— 
fortunately‘for all organised beings, since otherwise the atmo¬ 
spheric air liquid have become unbreathable long ago. We 
shall now see what ways have been tried for that purpose. 

A. Oxidation of Nitrogen by the Action of Nigh Temperatures. 

Already in the ordinary processes of combustion, eg. by 
the action of high femperatures, a very slight quantity of 
nitrogen is oxidised, but far bfelow that which would enable a 
technical process to be founded thereon. The following patents 
try to do so anyhow, all the more since Bunsen, in 1849, noticed 
that jiitric acid is alsfl formed in the explosion of fulminating 
gas. 

We shall now enurficraJe, first, the processes intended to 
produce nitrogen oxides from atmospheric air, or other mixtures 
of free nitrogen and oxygen, by the application of heat in the 
ordinary manner, sometimes with aid of catalytic substances, 
and then pas.? on t§ those which make use of electricity for that 
purpose. , 

l’awlikowski (Gcr. P. ,171623) compresses the' gases in a 
cylinder and causes them to unite *by explosion inside or 
outside the cylinder. A secondary electric energy may be 
introduced as \^ell from without («B. P. 25728 of 1905). 
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Briinler and Kettler (Ger. P. 185094; B. ft. of Briinler 
5852 and 5901 of 1906), Fig. 40, tlescribq a furnace d of 
globulaikshapc, made of magnesia, with a bottom pipe 1 i dipping 
in water contained in an outer cylinder a , capable of resisting 
high pressure. The gases containing oxygen are passed into 
the inner globe by means of lateral pipes, etc., together with 
fuel gases /,/; the apertures of these pipfes are opposite each 
other, so that strong whirls are producer!, a perfect combustion 
of the fuel gas is obtained, and temperatures of 3000" arc 
reached near the walls of the globe d, and even higher ones 
more inside. Nitrogen is blown iif 
from the top at g at such a rate that 
the temperature cannot sink belpw 
that which is best for the oxidation of 
N. The gases and steam formed "by 
combustion gscape through a valve (<) 
at the top, and the water containing 
nitric acid is let out at the bottom of 
the cylinder* • 

' 1 'he same inventors (Ger. Ps. 205351 
anti 205538; Fr. P. 3,80467) blow, to¬ 
gether with O and N, also some fuel, 
gaseous or liquid, or in the state of 
powder, into the furnace, which at one 
end dips in water, so that the products 
of combustion arc immediately taken 
up by this. For instance, petroleum is 
burnt in a chamber, open at the bottom and there dipping 
into water, air being passed into the chamber under pressure. 
The dimensions of the chamber and the velocity of the gas 
current arc regulated in such manned that the pointed flame 
of the burning gases penetrates into the water. The best 
results are obtained by burning under increased pressure. 

The Chemische Fabrik Griesheim-Flcktron (B, P. 13954 of 
1907) produces catalytic bodies, especially,intended for use in 
the manufacture of jiitriaacid, by heating a carrier, coated with 
platinum-black (and, if necessary,, before this coated with a 
glaze) to a temperature* at which the platinum sinters. 

Bender (B. I’. 8653 ®f 1907; Fr. Ps. 377442 and 405463;*' 
Amer. P. 900471 ; Ger. P.» 192883) heats tlu^ air by mejns of 
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an oxyhydrogep flame and increases the formation of nitrogen 
oxides by cooling the products of combustion by means of 
blowing in superheated steam, and then less heated steam. 
The partial dissociation, of the steam furnishes a mixture of O 
and H, which is utilised for the heating process. The production 
of NO, according to him, amounts to 2-9 per cent. His Ger. P. 
217550 prescribes burning the atmospheric nitrogen in an 
upright furnace, fired with hydrocarbons, which enter through 
holes in a circular tube near the .bottom, and are conducted 
upwards by these tubes, at the upper end of which they take 
fire. "The air entering from below cools these tubes and is pre¬ 
heated by them. The same inventor’s Ger. P. appl. 11 . 51927 
prescribes the application of fuel which furnishes notable 
quantities of water on burning. Ilis 11 . P. is 18203 of 1909 
Other patents of his are Ger. Ps. 217079, 217080, and 227490. 

Kettler (Ger. P. 209961 ; P'r. P. 396161 ; 11 . P. 24264 of 190S) 
places in the furnace'a platinum or porcelain coil, through 
which passes the mixture of O and N from the bottom upwards, 
being heated to 1200" to 1300 by a burning mfxture of air 
and illuminating-gas or benzene or petroleum vapours. In a 
horizontal tube, branching off at the top of this furnace, the 
air is heated further, up to 2000“, by the combustion of benzene 
vapour with oxygen, and still more by blowing in acetylene gas 
and oxygen. The gases now pass through an inclined, perfor¬ 
ated tube, into which the absorbing-liquid enters from without. 

Dupre (Ger. P. appl. D19353) passes air over a mixture of 
manganous and sodium carbonate at temperatures below the 
fusing point of tbe mixture; the nitre formed is obtained by 
lixiviating the mixtuie, and the higher manganese oxides 
formed arc utilised for the manufacture of chlorine. 

Vietinghoff-Scheel (Ger. ,p. 222629) burns C—or H—con¬ 
taining substances in mixtures of O and N in the presence of 
catalytically acting substances, such as NaF, or Calf,, or Fe, 
Cu, and Ni, as metals or oxides, or MgO, CaO, Al., 0 .,, or SiO,,, 
blown into the gas-space in the form of powders, in order to 
produc;; nitrogep oxides. The above-mentioned catalysers 
appear to be efficient for that purpose in proportion to their 
capacity for the emission of light. 

Sodermann (Fr. P. 413117) burns a mixture of N and O in 
a tulje, in the wAlls of whifch, at ayy desired point, a cooling 
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liquid or gas is circulated ; a mixture of “ N,,C\ Nitrogen pro¬ 
toxide, and NO, nitrogen binoxide as*a secondary product’’ is 
thus produced, the proportions depending upon the particular 
zone of the flame. In an addition to this patent, claim is made 
for the introduction of acetylene or other gaseous hydrocarbon 
into a flame of N and 0 , with subsequent rapid cooling of the 
reaction products. 

Sodermann (Fr. P. 416036) heats a mixture of O and N, 
first in a spiral platinum tube to about 1400', then in a hori¬ 
zontal extension, heated by burning hydrocarbon vapours with 
air enriched with oxygen, to 2000°, thdn passes Che gases’ into 
an inclined sheet-iron reaction-pipe, immersed in limewater, and 
here brings up the temperature to. 2700’ to 2600', either by 
introducing a little acetylene or by means of an electric arc. 
Through holes in the upper part 'of the pipe, a shower of 
absorbent liquid may be admitted at will, in order to suddenly 
cool the gases after the,reaction. 

Uausser ( 15 . Ps. 12401 and 13989 of 1906;' Gcr. P. 216518; 
Amer. P. 96*1350; Fr. P. 409758) produces oxides" of nitrogen 
by the explosive combustion of a compressed mixture of N, 0 , 
and a suitable combustible gas or vapour, followed by chilling 
the mixture by injection of water, etc., or by passing it into a 
cooled receptacle. According to his Ji. P. 27826 of 1906 the 
bombs are rinsed after the explosion with air from a compressor, 
and the compressed mixed gases are calked to enter a receiver, 
from which a number of explosion bombs,can be filled. His 
Ger. P. 232569; Fr. P. 420112; Amer. lb 1000732 prescribes 
keeping the explosion pressure constant, or newly so, until the 
thermic equilibrium has been attained. * This can be achieved 
either b^employing a sufficiently large bomb, or by protecting 
this against radiation of heat. By exploding a mixture of 89 
to 90 per cent, air with 10 to 11 per cent, illuminating gas in 
bomb of 100 1. capacity gases containing 1-3 to 1-7 per cent. 
NO wefc obtained. His B. P. 13989 of 1907 compresses the 
combustible gas with an excess of air and effect? the explosion 
in another vessel.. His B. P. 20777 of 1910 shows.how a 
temperature of 1600° to 1700° C. (absolute) can be reached by 
exploding a mixture o?about 10 vols. illuminating-gas with 90 
vols of air. • » 

Otto Pfennig’s Erben <(Gcr. P.' 2291^42) blow gaseou^ fuel, 
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mixed with superheated oxygen or air, under pressure through 
a slit-burner into the furnace, which is adapted to the shape of 
the name disc. The two furnace walls parallel to the flame 
disc are perforated by many holes in the place where the 
greatest heat is developed. 

R. P. Pictet (Ger. P. 226687- hr. P. 415594), starting from 
the observation that in certain spots of the flame the action of 
O upon N produces considerable quantities of nitrogen pro¬ 
toxide, prevents this by producingvi strong and sudden fall of 
temperature in that place where the maximum of N .,0 would 
be formed. According tb his Ger. P. 226867 that N .,0 can be 
utilised for the manufacture of explosives. 

The Badische Anilin- und Sodafabrik (Fr. P. 396375 ; 13 . P. 
20jo6 of 1908; Ger, P. 219494) produces oxides of nitrogen by 
burning carbon monoxide In an atmosphere containing N and 
O under pressure. For the rapid cooling of the' products, in 
order to prevent the decomposition of .nitrogen oxides, a long 
pointed form is given to the flame, and it is made to lick the 
sides of the tube, its point being directed ‘against a cold 
surface. Before allowing them to expand, the gases are further 
cooled, so as to furnish liquid or solid nitrogen peroxide; or 
concentrated nitric acid is prepared directly by the addition of 
sufficient steam, or hydrogen, or other combustible to the gases 
before combustion. The refrigeration may be effected by the 
expansion of gas already refrigerated, and the heat produced 
by combustion may be utilised in obtaining the required 
compression. 

Phillips and Bultcel ( 13 . P. 23976 of 1909) blow air and 
powdered fuel tangentiSlly into an annular combustion furnace ; 
the gyratory motion imparted to the burning fuel jaises the 
temperature to such a degree as to induce the formation of 
nitrogen oxides from the atmospheric N and O, or of NH 3 in 
the presence of aqueous vapour. Their B. l’s. 27558 of 1910, 
29893 of 1910, and 4268 of 1911 describe other methods of 
spreading out Mhe flame over a large surface. 

Deyilaine (Fr^P. 423893) obtains nitric .acid, sulphuric acid, 
and many other substances, by the employment of ’ultra-violet 
rays of various origin as oxidising agent! 

'*■ The Socicte TAir liquide (Fr. P. 416557) heats a mixture of 
N an<) O strongly "under pressure ar.d then allows it suddenly 
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to expand, in order to cool it rapidly. It empfoys for this 
purpose a metallic cylinder, in the centre of which is a thin- 
walled magnesia tube, the space between the tubes being filled 
with powdered magnesia or the like. The heating may be 
effected electrically or by combustion. 

Wiegolanski (Norw. P. 2032.8) heats air to 1500 to 1700' 
and cools it suddenly down to 1200" by mtfans of NO.,, heated 
to 500°. The NO., easily gives off oxygen which in statu 
nascendi oxidises the N without the aid of electricity. 

Special means for avoiding the retrogression of chemical 
reactions by high temperatures are described byTScherbius in 
Ger. Ps. 213709 and 221129. 

Price ( 1 !. 1 ’. 10755 °f *909) manufactures nitrates and nitrites 
by conducting N and II, in the proportions in which they form 
NIT, into saturated solutions of basic substances at low tempera¬ 
ture apd pressure, whereby the salts obtain the necessary 0, 
from the aqueous solution, which releases II to be used from 
time to time with fresh supplies of N. His II. P. 5657 of 1910 
describes the’prcparation of ammonium nitrate by subjecting 
air, mixed with I TO in the gaseous states or thfe gases con¬ 
stituting I TO, and additional supplies of 0 , to great heat, then 
suddenly cooling and liquefying them. 

The Falpetersaure - Industrie - Gesellschaft, Gelsenkircherv 
(Ger. P. 235299), subject highly heated air or other mixtures of 
O and N to expansion, keeping up thc*>ame temperature, in 
such manner that the velocity ofreaction is diminished without 
cooling the gases. For this purpose they attach to the air¬ 
heating furnace a vessel, evacuated below a pressure of 400 mm. 
mercury, with an arrangement for protecting the gases against 
cooling during their passage into that vessel anti during the 
expansion? This process avoids >ihe decomposition of NO, 
otherwise taking place in consequence of the extremely high 
velocity of reaction and the extremely high temperatures 
thereby produced. 

The same firm (Fr. P. 420252) employs a furiTace, made of 
magnesia, divided into twm compartments, communicating at 
the top. Air is heated to 2600' in one compartment, and the 
pressure in the other is reduced by an air-pump to 400 mm. of 
mercury. In the upper .part there is a heat-compensating 
apparatus, such as an electric.arc playing between water-coyled 
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platinum electrodes, so that the sudden expansion of the highly 
heated nitrogen oxides fakes place adiabatically, and the lower 
part of the compartment is provided with a refrigerating appli¬ 
ance, so as to prevent dissociation of the nitrogen oxides formed. 

The Westcfeutsche Thomasphospatwerke (Ger. P. 182297) 
heat a mixture of air and st,eam to such a degree that the 
steam is dissociated to, a great extent. The hydrogen thus 
formed is removed before the gaseous mixture cools down, by 
diffusion through porous walls, so as to avoid its reducing-action 
on the NO formed. 

'Pauling (Amcr. P. 758774) heats the air by an oxyhydrogen 
flame 'and removes the free hydrogen, present in excess, by 
means of chlorine. His Fr. l’s. are 323760 and 325244. 

13 . Oxidation of Atmospheric Nitrogen by Means of Electricity. 

As early as 1775 1 Priestley made an observation on the 
action of electricity on atmospheric air, which ku'er on he justly 
interpreted as having produced nitfous acid. About 1781 
Cavendish'found that hydrogen, on burning in an excess of air, 
yields water containing nitric acid. In 178G he showed that all 
the nitrogen of a certain quantity of air can be burned by add¬ 
ing an excess of oxygen, and allowing electric sparks to play 
upon the mixture. In publishing his observations in 1785,110 
'expressly acknowledged the priority of Priestley in that respect. 
But a century elapsed before the attention, first of scientists 
and then that of technologists, was again directed to that 
subject; stimulated to a great extent by the recognition of the 
fact that the rapid increase of mankind requires a corresponding 
increase in the production of foodstuff of all kinds, in the first 
litie of corn ; that such an increase to the required extent is only 
possible by the application of artificial nitrogenous fertilisers, 
principally of nitrates, and that the natural sources of nitrates 
in Chili and elsewhere, if called upon to the corresponding 
extent, would be exhausted within a generation or two. 

It has been known for a long time that after thunderstorms 
a notable quantity of ammonium nitrate and nitrite is found in 

1 Apart from my own notes, ! follow, in this historical survey mainly the 
paper of K. liirkeland on the'above subject, published in The Transactions 
of the Faraday Society , vol. ii., September 1906, from which 1 take also the 
account of the Birkeland and Eyde process. Also the paper by 0 . N. Witt 
in Chem. Ind., 190^', pp. 761 et'seq. 

I I c 
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the air, and that this is of great importance for the fertility of 
the soil receiving the rain water, but during a long time appar¬ 
ently no efforts have been made to utilise artificially produced 
electrical discharges in that direction. 

In 1880 Spottiswoode and Dewar studied the action of 
electric flames in air. In 1892 _Crookes followed in that way, 
and showed the production of nitrous and yitric acid thereby. 
In 1897 Lord Rayleigh (/. Chan. Sac, lxxi. pp. 81 et seq .) 
published his observations on.thc oxidation of nitrogen, which 
led him, in collaboration with Ramsay, to the discovery of 
argon. From his laboratory experiments he concluded that one 
kilowatt hour would be required to form 50 g. of nitric acid. 
He also mentions the electrical difficulty met with in produc¬ 
ing a steady high-tension flame for oxidising nitrogen, a question 
second in importance only to tl;at sf obtaining the highest 
possibly output. Lord Rayleigh was the fiisi to show that with 
electric arcs it is possible'to fix nitrogen alfnost in proportion to ’ 
the electric energy expended. 

Crookes (Eleitr. World , xxxiii. p. 319) in the saifie year, by 
means of induction sparks, succeeded in forming 74 g. NaNO. ( 
by the expenditure of one kilowatt hour, i.c., 1 ton of NaNO., 
by 14,000 kilowatt hours. That means the generation of so 
much pow' r that it is out of the question to use steam for that, 
purpose, and even water-power would be too expensive except 
under specially favourable conditions. • 

Important contributions to the object in view by laboratory 
investigation, and by theoretical reasoning?, were now made 
from many sides. We here mention : ,* 

Muthniann and Hofcr {Her/. Her., too* 5 ,»P- 438); Lepcl (Qerl. 
Her., 1897, p. 1027; 1903, p 1251; 1904, p. 3470); Stavenhagen 
{Bcrl. lier.^l 905, p. 2171); Grau amf Russ (Wiener Akad. Her., 
December [906; Z. E/cklrochem., 1907, p. 573); Ncrnst (Z. 
anorg. Chem., 1906, pp. 213 and 229); Berthelot (Comptes rend., 
cxlii. p. 1867); Brodc (Z. Elektrochcm., 1905, p. 752); Scheuer 
(ibid., 1905, p. 5(?5); Bodenstein (Z. angew. C/imn., 1906, pp. 
14-21); Haber, with various collaborators, Co’atgs, Makowetzky, 
Holwech, Koenig, and Platoif (ibid., 1907, p. 723 ; 1909, p. 689; 
1910, pp. 684, 789, 796, 805, 810 ; Z.physik. Chem., 1909, p. 337) ; 
Warburg and Leithauser (Her/. Akad. Her., 1907, p 229; Ann. 
Physik [4], xx. p. 743; Chem, Ccntr., '1907, ii. 452 ; ^' sc * ler * nc * 
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Braehmcr (c 'Ifrl Her., 1906, pp. 940-968); Fischer and Marx 
{Berl. Her., 1906, p. 2^57); Hausser {Z. Elektroehem., 1906, 
p. 444); Briner and Durand {Camples rend., cxlv,, p. 248); 
Birkcfand (“ Faraday .Lecture,” July 1906, Trans. Far. Sac., 1906, 
vol. ii.);.Holuech (Z. angew. Chem., 1908, p. 2131 ; Z. Elektro- 
chem., 1910, pp. 369-390); Graqand Russ (Z. angew. Chem., 1908, 
p. 554); Russ {ibhf., IQOS, p. 555); Howies (/. Soc. Chem. Ind., 
1907, p. 290); Le Blanc {Z. Elektroehem., 1907, p. 297); Guye 
(Monit. Scient., 1907,9. 225); Bodenstein {Z. Elektroehem., 1910, 
p. 876); Forster and Blich ( Z. angew. Chem., 1910, p. 2017). 

’Already un 1903, Mcithmann and Hofer maintained the view 
that the oxidation of nitrogen in electric arcs is exclusively an 
effect of heat, and that there exists in the arc a chemical 
equilibrium between oxygen, nitrogen, and nitric oxide. 
Nernst, Brode, Haber, end others have worked in the same 
din ction. Birkcland puts the matter in this wa^: a mixture of 
” 1 kg. oxygen with 3-3 kg. nitrogen at ordinary temperatures 
forms a certain quantity of NO, but only to an infinitesimally 
small extent, and even at 700 is almost nothing. “This increases 
with the temperature, and at 3000 should be 5 per cent, of the 
air. If cooled down slowly, gradually the NO will diminish to 
the amount corresponding to each temperature, and at 700’ it 
,will be again nearly = nought. If, however, the cooling takes 
place very rapidly, the NO remains, and this is a point to be 
observed in all attempts made at producing the combination of 
N and O by effects of heat, whether electrically or otherwise. 

Laveth and Rand (Z. nngew. Chem., 1905, p. 1906) give the 
following tabid,of the yields of nitric acid from air by various 
electrical methods, th: 'figures denoting grammes of 11 NO., per 
kilowatt hour:— 


Year. i 

1897. Rayleigh . . . 41-1 

ujoo. MacDougall and Howies 33-8 

1902. Kowalski . . . 550 

1903. Mjithmann and Hofer 70-0 


Year. 

1897. Crookes . . . 74-0 

1902. ltradley and Lovejoy 83-0 
1904. liirkclaiul and Hyde . iio-o 


The theoretical maximum, according to Muthmann and 
Hofcr’s calculations, is 157-5 £• HNO., per kilowatt hour. The 
authors consider that indirect methods, for the fixation of nitrogen 
by means of an intermediate product, as nitride or cyanamide, 
are more likely <to lead to an economical, commercial success. 
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A very interesting paper on the fixation of atmospheric 
nitrogen is that of Ph. A. Guye in /. *SV. Chnu. Iud., 1906, 
pp. 567-574 Wc abstract here only that part of it which refers 
to nitric acid and nitrates, leaving aside the fixation of N as 
cyanamide and NId .. The importance of the problem is shown 
by the fact that in 1905 the consumption of Chili nitrate has 
been 1,567,000 tons, of which about 300,o®o tons has been 
utilised in chemical industry, the balance as manure. Crookes 
estimates that the quantity of nitrate necessary to meet the 
yearly increasing demands will be more than 12,000,000 tons 
after thirty years or so; long before this the Chili*beds would 
be exhausted (if. p. 125). The value of 1 kg. N as Chili 
nitrate is at present is. 3d., as sulphate of ammonia is. 2 A cl., as 
nitric acid is. 7 1 ,cl. Concerning the fixation of atmospheric N in 
the shape of nitric acid by electrochemical processes, many con¬ 
tradictor.)’ statements have been made as to the scientific and 
commercial aspect of this problem, but it is now certain that the 
phenomenon is strictly governed by the law of chemical dynamics. 
So much is certain that it is necessary to work at a high 
temperature in order to increase the efficiency and velocity of 
the reaction, and that the resulting gases must be cooled 
instantaneously to avoid the reverse of the reaction. They 
contain 1 to 2 per cent, of NO by volume, as they pass out of • 
the arc chamber, and must then be treated in order to trans¬ 
form the NO into nitric acid, or nitrates, 01 nitrites. The cost 
of this process is very different, according to circumstances. At 
present we may take a production of 500 kg. HNCf, per kilowatt 
year as a fair average. From the results, obtained at a plant in 
Norway, the author calculates the cost pri<?e of a ton of HNjO.„ 
in the shape of concentrated acid, £12, 2s., or 1 ijd. per kg. N, 
which shows a good margin when compared with the above- 
mentioned price of nitric acid. The discussion at the close of 
reading this paper, in which several of (he greatest authorities 
took part, *was also most interesting, but wc must, apart from 
the consideration of space, all the more abstain fiom quoting 
more details, as the author himself admitted the “ purely com¬ 
parative,” !.c., hypothetical, nature of thp figures given. 

In Bull. Soc. C/iim., Ocf.-Nov. 1909, Guye claims for Briner 
and Durand priority with respect of obtaining high concen¬ 
trations of nitrogen oxides by such processes; # this claim t is 
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strongly contested by Haber, Koenig, and Platou in Z. 
F.lcktrochcm ., 1910, p. j'g o. 

Neubcrgcr ( Z. angnv. Chan., 1905, pp. 1S73 et setj.) gives an 
historic survqy of the production of nitrogen oxides from air 
by electric discharges. 

Cramp and Hoyle (/. Sor. Chan. Ind., 1909, p. 95) discuss 
that question on tire strength of laboratory experiments. They 
found that changes of yield to the extent of 50 per cent 
occurred by slight variations of the spark gas, the strength of 
current, and the air-flask. For a given current the maximum 
yield of acid does not correspond with the maximum concentra¬ 
tion of acid, and the value of a magnetic fixed for spreading out 
the flame, as in the Birkeland-Eyde processes, is doubtful. 

Ehrlich and Russ (SitzHugsbcric/itc tier knis. Akad. d. Wiss. 
in Wien, vol. cxx., July t'pi r ; Monatsh., 1911, pp. 917-996) made 
a detailed investigation on the process of t,he oxidation of 
nitrogen by silent electric discharges in the presence of ozone. 
Under the conditions chosen by them they obtained the follow¬ 
ing values 


IVrmitaup in 
oxygen by 
volume of the 
initial imxtme. 

5 


Maximum of NO 
obtained in vol. 
per cent. 111 the 
final pas. 

[°--l 

20-8 


41 

50 


' 3-4 

75 0 


18-o 

91-5 

t • 

• Hi] 


Such high, results arc not produced by the electric equilibrium 
of nitric oxide, but by a combination of electric and chemical 
action, since ozone present in excess oxidises the NO formed 
to N„ 0 5 and thus brings about a further formation yf NO. The 
latter proceeds up to thc> point when all ozone has been used 
up; further discharges decompose the N., 0 6 with formation of 
N 0 2 , and the latter is then almost completely dissociated until 
a stationary point is reached, which depends on the one hand 
to an electric equilibrium of NO corresponding to the conditions 
of the experiment, on the other hand on the velocity of the 
formation of ozone. The phenomenon known as “ poisoning,” 
by which even small quantities of NO„ prevent the formation 
of NO, is connected with this. With an increase of the initial 

h * • . 

coqcentratioq of oxygen the available quantity of ozone is also 
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increased, and together with this the attainable maximum 
formation of NO up to the oxidatioif of all the nitrogen. 
Above this point a stationary point is reached for the N, 0 . 
and ozone, but generally the maximum of the latter has been 
reached much earlier. At given electric conditions the velocity 
of the formation of NO is within t'ery wide limits independent 
of the composition of the original mixture and nearly constant, 
but the velocity of the formation of ozone increases with the 
increase of oxygen in the original mixture. In gases containing 
but little nitrogen the velocities are smaller, probably owing to 
diminished conductivity. A variation of die electric?conditions, 
when employing the mine composition of gases, alters the 
velocity of the formation of NO and of ozone in the same sense. 
An increase of energy or a decrease of the gaseous pressure 
produces lower values for NO. The dissociation of ozone 
hastened by N.J 3 . is within certain limits independent of the 
concentration of ozone. 

The work done on this subject in the Karlsruhe laboratory 
by Haber and* hi*; co-operators {vide the literature on p. 209) 
is of the greatest importance. A summary is given here, from 
notes supplied by Professor Haber to the author. The fact 
that by working under diminished pressure higher concentra¬ 
tions of NO can be obtained than at ordinary pressures was. 
securely established. But that style of working entails several 
difficulties, if intended to be carried out on a large scale. 
Haber obtained with the cooled Alternate current per kilowatt 
hour: 3^4 per cent. NO and 57 g. HNO :i ; at 2 per cent. NO, 
75 g.; at 2^5 per cent. NO, So g. II NO :j . By thi" means higher 
concentrations arc obtained for the same yield, and higher 
yields for the same concentration. But the difficulty of pro¬ 
viding such cooled arcs on the large scale is much greater than 
that of producing uncooled arcs. Since in many cases carbon 
monoxide is obtained as a by-product, eg. in the manufacture 
of calcium* carbide, the possibility of carrying out the process 
must be judged according to local circumstances. Up to now, 
no experience on the Jarge 0 scale has been made with Hater’s 
process. • 

Morden (infra, p. 224),*on repeating Haber’s experiments in 
his laboratory, obtained the best yield at a pressure of 400 mm., 
and at a low voltage, viz. 92 g,,H NO, per kilowatt hour. 
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Technical Processes far the Manufacture of Nitrogen Oxides 
'and Nitric A fid or Nitrates by Means of Electrical Currents. 

Concerning the technical side of the question, we shall in the 
first instance quote a number of patents and other publications, 
about which wc must refer the reader to the originals, and we 
shall then give shert abstracts of those patents, etc., which seem 
to deserve a special notice, reserving a more detailed treatment 
to the small number of inventions which have been carried out 
on a really large scale and survived the first efforts of calling 
them into life. 

Prim (Gcr. P. 20722); Schnellcr and Koelemann (Ger. P. 
I 73 SI 9 ); F- De Mare (Ger. Ps. 174177 and 176036); Initiativ- 
komitce fur die Ilerstellung von stickstoffhaltigen Produkten 
(. Fischers Jahrcsber., 1906, p. 457); Hausser (H. P.s. 12401 of 
lyo6 and 13989 of 1907; Z. Ingen., 190C, p. 29S); Marquardt 
and Viertel (Amer. P. 804021); Pauling and the Gladbcck 
Chemical Co. (Gcr. P. 152805 ; Amer. P.s. 758774 and 758775 ; 
Fr. P. 341109 ; Swiss P. 31189); Petersson (Ger. P.s. 183041 and 
185897); A. de Montlaur (Ger. P. 188750); Socictc anonyme 
d’etudes electrochimiqucs (Gcr. Ps. 187585 and 180290; Austr. 

P. 23371); Socictc anonyme d’electricite ct d'automobiles (Ger. P. 
180290; Chan. Ind., 190S, p. S7); Tannc and Papenbruch (Fr. P. c 
367440); Thorcsen and Tharaldsen (Fr. P. 352556); Chcm. Fabrik 
lluckau (Fr. P. 370977); Fr. Fischer ( Chan. Zeit., 1906, p. 1292 ; 
Z.Elektrochem ., 1.906, p. 525); Fr. Foerstcr (Z . Elektrochem., 1906, 
p. 529); Klaudy (ibid., p. 545, with a rectification on p. 712); 
Ncuburger (Z. angew. Chau., 1906, p. 977); Wood (Amer. P. 
826301; Chcm. Ind.\ 1908, p. 91); Mitchell and Parks (Amer. 
Ps. 773407 and 817082; ibid., p. 91); Mehner(P.,P. 28667 of 
1903); N. Caro, Die Sticftstoffrage in Deutschland, 2nd edition 
(pamphlet), 1908; Polzenius (Austr. P. appl. 5210); Farbwerke 
vorm. Meister Lucius and Priming (P. P. 10522 of 1911); 
Steinmetz (Amer. P. 894547); Z. Elektrochcm., 1907, pp. 75-77, 
190-198,210-221*225-234, 237-255, 280-286 (with many illus¬ 
trations) ; Hobbling and Preiss, in Chcm. Ind., 1908, pp. 83 
et seq.; P. F. Franklayd, ] Soc. Chew. Ind., 1907, pp. 175 
et seq. 

In 1895, Naville and Guye, in Geneva, took out a patent 
(Ger. P. 88320) for piakiiig nitric acid by electrolytic methods, 
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but without practical success. Their later efforts in that 
direction will be mentioned infra. » 

Darlirg and Forrest (B. P. 5808 of 1894) produce nitric acid 
by electrolysing fused alkaline nitrates, metallic K or Na being 
obtained at the same time. Their B. P. 13171 of 1893 extends 
this process to the production o£ nitrogen oxides for the manu¬ 
facture of sulphuric acid, together with caustic soda. 

Siemens Brothers (Ger. P. appl. S16610 of 21st June 1902) 
protect the production of nitrogen oxides from mixtures of N 
and O by means of cooled metallic electrodes. 

Rasch (Z. Ekktrochcm ., 1903, p. 162) proposes for pyro- 
chemical reactions generally, and specially for the preparation 
of nitric ackf from atmospheric air, the employment of con¬ 
ductors of the second class (metallic oxides and other metallic 
compounds) which are very stable and stand very high 
temperatures. m Special apparatus for the oxidation of free 
nitrogen to nitric acid is described by Raiding (Ger. P. 152805); 
Lepel (/>«'/. Her., 1904, pp. 713 and 3470); Wicslcr (Z. augers 
Chew., 1904, p. 1-714). 

M’Dougall and llowlcs (B. I*. 4^43 of 1899) .applied Lord 
Rayleigh’s method {supra, p. 209) for work on a larger scale. 
They got up to a yield of 49-2 S- UNO., per E.H.P. hour. 
They found that it is better to work at ordinary temperatures 
than in the heat; that the intensity of current in the electric 
arc should not exceed 0-15 to 02 amfierc ; they employed 
electrodes of platinum-iridium, v\«hich were but little acted upon. 

Kowalski and Moscicki (B. P. 20497 of 1903; Amcr. P. 
754147), having observed that thfi output of Nt) with a large 
number of periods is better than witiuTie usual number of 
periods from an ordinary alternator, oxidised nitrogen in fiigh- 
tension flames of up to 50,000 volts with oscillating currents of 
from 6000 to 10,000 periods per second. But Birkeland (Joe. 
citi) found that he could not detect any difference of the output 
in flames-produced according to their system and those employed 
in the Birkeland-Eyde process. The factory built on Kowalski 
and Moscicki’s plan had l>een stopped already in 1905 JAVitt, 
Chcm. hid., >905, p. 703). 

Bradley and Lovcjoy»(B. P. 8230 of 1901 ; Amcr. Ps. 709867 
and 7098GS) produce nitric acid from atmospheric air by means 
of an electric arc, subdivided in such manner as to obtain a large 
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surface by the expenditure of a small amount of electric energy. 
Their process was taker: over by the Atmospheric Products Co., 
working with a capita! of ,£200,000, and disposing of water power 
at Niagara Falls to the extent of 2000 h.p. Their apparatus 
is descr’bed fn Electrochemical Energy, vol. i. p. 20. They 
employ a continuous current, which first plays in sparks between 
two platinum electrodes, forming a light-arc which is at once 
interrupted ; when again closing the circuit, the play goes on 
again, and so forth. There are twenty-three rows of six fixed 
electrodes each, and the same number of electrodes revolving 
round a perpendicular axis, moved by an electromotor with 500 
revolutions per minute. Thus there are formed 6x 500 = 3000, 
altogether 3000 X 138 = 413,000 light-arcs per minute, produced 
by a revolving interrupter. The apparatus is surrounded by a 
casing into which 2-3 1. air uer minute can be introduced for 
each electrode Three hundred and eighteen litres air per minute 
enter the casing, are partly acted upon by the light-arc, and are 
drawn out by an exhauster. The air now contains 2-5 volume 
per cent. 01 NO,, which is converted in a tower by the action 
of water into HNO,+ HNO,. The yield for 7 h.p. hour is 
1 lb. =0-45 kg. nitric acid. 

Another patent of Bradley and the Atmospheric Products 
Co. (Amcr. P, <829874; Ger, P. 179288) proceeds in a different 
way. They now aim at drawing out an electric arc as long as 
possible, and product this by an alternating current, without 
losing the advantages of the continuous current, by employing 
a very high electric tension and self-induction. The gases arc 
furnished with an excess of oxygen and hydrogen, whereby the 
yield of nitric acid i'. to be increased. In Chcm. hid., 1908, 
p. 86, it is stated that these processes have turned out 
uneconomical, probably owjng to insufficient regard' being paid 
to the influence of pressure and temperature, and to the fact 
that each furnace works up only 300 1, of air per minute (against 
25,000 1. in the Birkeland furnaces), which means a very great 
number of firnaccs, and corresponding expenses. Schonherr 
{vide infra) stages that only one apoaratus was built on that 
system and stopped in 1904. The United States Census 
Bulletin, No. 13 (quoted in Chcm. Ind., 1909, p. 44) also states 
that these processes were given up in the summer of 1904 as 
they did not pay. Birkeland, in, his afore-mentioned paper, 
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considers their failure as’due to the distribution e: the electric 
energy over too many small arcs, although it seems wise to 
effect thafi distribution over a large number of variable arcs of 
short duration, which allows to keep the energy consumed in 
the arcs to be kept fairly constant without the necessity of 
employing great inductive resistance. 

Hclbig ( 15 . P. 3346 of 1905 ; Ger. P. 189864), in the manu¬ 
facture of nitrogen oxides from atmospheric air by means of 
the electric light-arc, utilises the well-known fact that the oxides 
of calcium or magnesium very considerably increase the electric 
conductivity of gases. If the electrode's are surrbunded by a 
jacket of MgO or CaO.the arc may be formed with the very low 
tension of 300 to 600 volts; the arcispreads out and fills the 
whole of the space, so that the gases arc very evenly heated. 
Thus large quantities of gas can be treated in a small reaction 
space.. The rgagnesia jacket must be protected by cooling, 
preferably by the gasc’s intended to b*e treated, which arc 
thus preheated. In his B. P. 27700 of 1907 he describes a 
special apparatus for working with compressed air between 
suitable electrodes (Fr. P. 385193; Ger. P. 22523'f)). 

Spitzer ( 15 . P. 22201 of 190C) passes the air into an electric 
arc and withdraws the gases only from the inner zone of the 
arc, with immediate cooling, for which purpose he describee 
special foims of apparatus. 

Stcinmetz (Amcr. P. 865818) produces in a cylindrical 
chamber made of glass or porcelain, a long, thin light-arc by 
means of electrodes fixed in the top and the bottom. Outside 
there is an electromagnet whose widened-out poles rotate round 
the chamber, and thus produce a deflection of the arc isi the 
form of a circle segment; and this also causes the air to be a 
very short* time subjected to the .heating, so that any over¬ 
heating and consequent dissociation of the nitrogen oxides 
formed is avoided. 

Hauek (Ger. P. 193518), with the intention of compensating 
endothermic and exothermic processes, causes" the electrical 
formation of nitrogen oxides from N and O tootake plape.under 
water or another liquid. 

Gorboff and Mitkev’itch (Ger. P. 196114) cool the gases 
coming away from the electric arc, generated in a comparatively 
small chamber, by means of a coil. ‘ r * t 
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Grau and<Russ (Amcr. Ps. 884919 and 884920) withdraw the 
gases from the,centre'of the electric flame and immediately 
cool them, by means of an inwardly cooled tube, reaching into 
the centre and of the same diameter as the central zone of the 
flame. A cooled tubular electrode serves as the exit tube. 

Ncuburger (Amcr. P. 850392) oxidises atmospheric nitrogen 
by means of electric discharges, produced by less than 120 watts 
in a secondary current. By employing a low watt power, he 
declares, the formation of nitrous'vapours is avoided, and there 
is exclusively nitric acid formed. The same inventor’s B. P. 
9939 of 190/ prescribed preheating the air to at least 1000" by 
other means and then subjecting it to the electric arc. 

Schlocsing (Fr. P. 373718) absorbs the nitrous vapours, 
formed from air by electrical means, at temperatures of 200 r 
to 350° by a dry fixed base, preferably lime, or the correspond¬ 
ing carbonate, in the shape of porous briquettes._ 

The Norskc Aktieselskabet for Elektrokcmisk Industri and 
Halvorscn (B. P. 3680 of 1906) absorb the nitrous gases 
obtained in the electric arc in a solution of SCT or by strong 
I ESC) ,, add'an excess of strong sulphuric acid and oxidise by 
chromic acid, or a chromate, or PbO.,, or MnO,. Thus strong 
nitric acid is formed which is distilled off; the remaining liquid 
is electrolysed, in order to recover the H^SO., and the oxidising 
agent and hydrogen which is utilised. If a cupric salt is added, 
metallic copper is obtained as a by-product. The nitrous 
sulphuric acid can. also be oxidised by ozone or 11,0-, in which 
case the oxidising agent is not, of course, recovered elcctrolyti- 
cally. Their B. P. 1G885 of 1906 tends to secure better 
absorption of the nitrdus vapours by employing solid absorbents, 
as lime, etc., in a pulverulent condition, contained in a series of 
revolving or mechanically ^agitated drums. Other patents of 
theirs are Ger. Ps. 170585, 179823, 188213. 

Lee and Beyer ( Z. Elektrochan., 1907, p. 701) find that 
continuous or alternating currents have the same action in the 
formation of r N0 ^rom atmospheric oxygen, contrary to the 
opinion of several inventors. • 

Warburg and Leithiupcr ( Be'rl. Akad. Her., 1907, p. 229; 
Al>s/r. Amcr. Chau. Sue,, 1902, p. 2573^ found that by the action 
of the silent discharge on atmospheric air chiefly nitrogen 
pentoxide is forfned^besides a substance they designate by Y. 
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The Westdcutschc Thomasphospatwcrke(Fr. 1*8.348189 and 
353548), in the manufacture of nitric alfcid from air by means of 
the electric current, claim to avoid the formation of the lower 
nitrogen oxides by applying currents of low strength, from 200 
volts downwards. This is also claimed to prevent the fusion of 
the electrodes. Their Ger. Ps. 157629 and 160090 prescribe 
special forms of apparatus for this purpose. Their Ger. P. 
194326 prescribes preheating the air to iooo° before it passes 
through the electric arc. 

Ellis (Amcr. P. 1002249) blows a heated damp current of 
air through a zone of light-arcs, the field of whfch is at right 
angles to the direction of the current of the light-arcs, while 
turning these by means of magnatic fields parallel to the 
direction of the current. 

Acker (Amcr. Ps. 914100 and* 914214) describes special 
arrangement.^ for forming nitrogen compounds by electrolysis. 

The Elektrochcmische VVcrkc, Ilcrlin^Ger. P. 199561), obtain 
nitrogen peroxide from mixtures of NO and air, containing 
very little bfO,*;uch as are obtained by electrical processes, by 
cooling down to 30". The nitrogen peroxide then precipitates in 
the form of a very fine fog, from which it is recovered by pass¬ 
ing it through a very quickly revolving drum, with application 
of cooling. The centrifugal force throws the fine particles pf 
N., 0 4 , together with ll., 0 , against the wall of the drum, from 
which it is drawn off by suction and wofked up for nitric acid. 
A small quantity of steam may*be added for this purpose to the 
mixture of gases before centrifuging. 

Sir William Ramsay (B. Ps. 16067 and 1606$ of 1907) obtains 
nitrous oxides, formed - by the action of electric sparks or Jlames 
on air, in a concentrated form not necessitating any evaporation 
of water,T>y absorption in magnesia (jwl in lime, which parts 
with the nitrogen oxides at too high a temperature), and expel¬ 
ling them again by heating. Other suitable absorbents for this 
purpose'arc tribasic phosphate of lime or soda, or the oxides of 
aluminium or iron, in the presence of water vapour; by heating 
to about 300 the oxides of nitrogen arc expejlcd and collected 
in any usual manner, and the absorbent is th’en ready for use 
again, after being coole?l and moistened. 

The same inventor (B. P. 26981 of 1907), for the purpose of. 
recovering nitrogen oxides ; n a state of £rcaf dilution, such as 
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they are bbta ; 'ied from air by electric discharges, passes them 
through two heat intercCiangers and then through pipes, sur¬ 
rounded by a liquid of low temperature which may already 
contain some nitrogen oxides from a former operation; they 
partly condense then and the liquid resulting is run down a 
fractionating column, where it meets the products of evaporation 
from a vessel in which rectification takes place in the well- 
known manner, with the result that almost pure N escapes, and 
the liquid oxygen remaining behind contains all the nitric 
oxides present. From this liquid oxygen they are separated by 
another rectification. ' 

l’latsch (Ger. P. 200138) cools the products of the reaction 
from the light-arc by blowing in the peroxides of the alkaline 
earth metals in the state of powder (which possess great heat- 
absorbing power and do ,iot dilute the gases); the oxygen 
splitting off from them increases the yield of nitrogen oxides. 

Ferranti (li. Ps. 13965 of 1906; 20697 of 1907) rapidly cools 
the products of the combination of N + O by the electric arc. 
lie employs "a revolving annular electrode, which is hollow and 
cooled by water, through which the gases pass by means of a 
divergent pipe, which drives them against the cooling surface. 
Instead of an electric arc, internal combustion, or a resistance 
heater, or a combination of all three may be used to heat the 
gases, 

Spitzer (B. P. 22201 of 1907; Fr. P. 38307S) passes mixtures 
of N and O into an electric arc, and withdraws the gases from 
the inner zone, practically excluding those in the outer zone, 
through a tube w which they are rapidly cooled, to prevent dis¬ 
sociation of the nitrogen'oxides. 

A special series of efforts has been directed towards the 
production of nitric acid iron) air by the silent electrical discharge, 
eg. in concentric tubes, coated with tinfoil and traversed by 
electric currents in opposite directions, so that in the annular 
space between the tubes the opposite electricities find their 
combination ir.the^hape of purple streams. This silent dis¬ 
charge, under ordinary circumstances ,-cts much too slowly, and 
therefore Siemens and Halske (Ger. P. 85103) in 1.894 proposed 
to hasten it by mixing ammonia gas to carefully dried atmo¬ 
spheric air, preferably after having “ ozonised " it and exposing 
it to the silent dicctrjcal discharge, whereby solid ammonium 
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nitrate is formed and separates in the solid form. But evi¬ 
dently that process also has not been found profitable in actual 
work. » 

Moscicki (B. Ps. 3583 and 27006 of 1906; Fr. P. 380614; 
Swiss P. 33694; Ger. P. 198240) produces NO from N in a 
magnetic field, in which the flame-arc revolves in a plane and 
the gas passes out once through the zone 0/ heat. One of the 
electrodes is shaped as a hollow metallic body, powerfully 
cooled, with channels for the gases to pass through. In 1908 it 
was reported by the Neue Ziircher Zeitung (19th November) 
that the Aluminium-Industrie Gesellsdiaft was erecting works 
on this system in the Valais. 

The same inventor (B. P. 21959, of 1908; Fr. P. 395424; 
Amer. P. 920610; Ger. P. 209959) blows into a revolving flame- 
arc, near the place of the highest heart, gases which do not take 
part iu the reaction, such as aqueous vapour, or gases already 
enriched with nitrogen' oxides and cooferl down, introducing 
these through the central electrode, opposite to which is a conic 
prolongation of* the metallic conductor, so that the gases are 
spread out conically. 0 

According to his Ger. P. 230170, he places between his 
furnace and the absorbing-apparatus a condensing-tower, 
packed with distributing bodies, and fed with a mixture qf 
sulphuric acid 6o 0 to 61" B., and the 60-per-ccnt. nitric acid, 
obtained in the absorbing plant. The gases enter at the 
bottom of the tower, and arc qdickly saturated with nitric acid. 
This acid is mostly condensed in a second' tower, in a concen¬ 
trated form ; the remainder is retained in a this'l tower, fed with 
dilute nitric acid. The dilute sulphuric acid, collecting at the 
bottom of the condensing tower, is concentrated to 60° to 
Cl" B. in leaden pans, which arc heated by the gases on their 
way from the electric furnace to the condensing tower. A 
further modification is described in his Ger. P. 236882. 

Naville, C. E. Guye, and P. A. Guye (B. P. 21338 of 1906; 
Fr. P. 361827) cause the electric arc to revolve by means of a 
rotating field, the.gasea being introduced»by one .of the 
electrodes, which is hollow;* the other electrode has the shape 
of a disc with projecting margin, or of a cone. The gases are 
absorbed in concentrated sulphuric acid, the nitric acid formed"" 
is distilled off, and the tower nitrogen o&ides are further 

4 • V 
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oxidised.' Tljeir Fr. P. 385569 prescribes absorbing the gases 
at first only partly, then desiccating by refrigeration or by dry 
calcium nitrate, and then oxidising the NO further, Fr. P. 
3S5605’; B. P. 6366 of 190S describes a series of towers and 
chambers, in which short periods of absorption alternate with 
periods of oxidation. 

The same inventors,,.in Ger. P. 210821, produce a double 
movement of the flame-arc, obtained by an alternating cui rent 
in a revolving magnetic field, fed ,by an alternating current of 
less periods. This double movement is very favourable for 
chen'iical reactions, suclvas the oxidation of N. They dry the 
gaseous products and oxidise them as much as possible before 
absorbing them. 

According to Guye’s report (Z. lilcktrochnn ., 1910, p. 848) 
the arc, with a current of 5n kw., has a length of 4 m.; with 200 
to 250 kw., 12 m.; with 500 kw., 20 m. The condensation of 
nitric acid is brought" about by the expansion of the furnace- 
gases, compressed to 5 atm., and nitric acid of 95 per cent, 
can be obtained. 

The Neirbabelsberg Zcntralstelle fur wissenchaftlichtech- 
nischc Untersuchungen (Ger. P. 211196) produce the flame-arc 
by a perforated tube, surrounded by a vessel into which the air, 
to be oxidised, enters, and then passes into the arc through 
the perforations of the inner tube. Thus the arc is never 
cooled down too much ; the heat required for heating up the air 
is supplied by that of the flame-arc. The tube surrounding this 
is best composed of tings, between which there arc gaps for the 
air to go through 

The Elektrochemische VVerke, Berlin (Ger. P. 20G94S), pro¬ 
duce between two concentric tubular conductors a light-arc with 
a tension of 5000 to 10,000 vjilts, which turns round by a whirl¬ 
ing movement of the air, more quickly at the outer than at the 
inner ring, so that the light-arc is spread out round the inner 
ring in a spiral form, and fills this space almost entirely. The 
air enters in a screw movement through the flame, and in con¬ 
sequence of this mixes at once with the air already cooled at 
the walls of the vessel, so that the newly formed nitrous gases 
are hardly at all decomposed. Their'*Ger. P. appl. Cl3895 
describes for this purpose a plan for producing travelling 
flame-arcs. 
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Kunheim & Co. (Ger. T*. 212X81) construct their apparatus 
of fireclay. It is a cylinder with a conical upper part, open at 
the top, wljere the air enters, containing two electrodes made of 
iron T-pieccs. The current has a tension of 3000 volts. The 
air-valve is regulated in such manner that the light-arc is 
drawn down about half-way intp the vessel, where it burns 
quietly and completely fills the space. 

Vender (B. P. 182S0 of 190S) asserts that hot gases, obtained 
by the combustion of atmospheric nitrogen by an electric arc, 
denitrate nitrosulphuric acid recovered from the waste acid of 
nitrating processes (for glycerine, cellulose, benzol? etc.) mfich 
better than heated air, and that thus perfectly clear sulphuric 
acid of 98 per cent, can be obtained. .This he attributes to the 
NO contained in those gases, which thereby is also more easily 
transformed to higher nitrogen oxides The process is carried 
out by means of two sets of tower apparatus The hot gases 
produced by the combustion of air heat tilt first tower outside 
and pass into the interior of the second tower at the bottom, 
while the waste acid from those nitrating processes funs down. 
At the bottom of this tower concentrated sulphuric acid runs 
out; on the top nitrous gases come out which, when treated in 
an ordinary condensing apparatus, yield nitric acid of 60 per 
cent., and this, together with the concentrated sulphuric acid 
obtained at the bottom, is made to feed the first tower. From 
this tower escape vapours which on condensation yield nitric 
acid of 98 per cent., and at its bottom sulphuric acid of 75 per 
cent, runs out which is fed into the second tower. By this 
means, the inventor asserts, nitric acid can be mjinufacturcd by 
synthesis in the industry of nitrating processes, even in such 
cases where the process in question by itself would be* too 
expensive ; %nd the consumption of sulphuric acid is confined to 
losses by leakages. 

Haber and Koenig (B. P. 15490 of 1908; Ger. P. 210166; 
hr. P. 392670; Airier. P. 938316) treat mixtures of N and O for 
the production of nitrogen oxides by the electric arc at a low 
pressure in spaces of such .shape that they are almost entirely 
filled by the electric arc and that this arc is sufficiently cooled. 
Thereby from a mixtuie*of equal volumes of O and N, gases 
containing 13J to 14 per cent. NO, and from atmospheric air 

gases with 9! to 10 per ceyt. NO are obtained. The light- 

* * 
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arc is produced in long cylindrical vessels, in case of necessity 
cooled outside. The electric discharge can be produced by 
temporary evacuation; when the arc is once formed, the 
pressure may be allowed to rise again. Electrodes made of 
electrolytes have the advantage of producing less dust than 
metallic electrodes. The yields mentioned above were obtained 
by means of a wa^er-cooled quartz cylinder, through which the 
air or the mixture of O and N passed at a velocity of only 0-2 
m. per second, and at a pressure of only 90 mm. mercury. The 
pressures may vary between 80 and 200 mm. Mordcn (/. Soc. 
Chhn. Inti ^ 1909, p. 520) continued his work by laboratory 
investigations. The best yield he obtained at 400 mm. pressure 
and with low voltage, viz, 92 g. IINO.j per kilowatt hour. 
Haber, in Z. augciv. Chau ., 1910, pp. 684-689, reviews the present 
state of the recovery oE nitric acid from air. Assuming the 
cost price of atmospheric nitrogen (free from oxygen) = 0-03 
mark (M) prokg., nitrogen in nitrate = 1-20 M. and nitrogen in 
ammonium sulphate = 1-05 M, the value of nitrogen for assimila¬ 
tion may Be taken as exceeding 1 M. This, at a consumption 
per annum 1 'of 2,000,000 tons nitrate = 315,000 tons N, and 
700,000 tons ammonium sulphate = 140,000 tons N, means a 
total consumption of 455,ocotons N, or an assimilation value 
of 525,000,000 M. In order to render the utilisation of 
atmospheric N successful, 1st, the electrical energy employed 
must attain a considerable amount; 2nd, the concentration of 
the nitrogen oxides must be Somewhat considerable; and 3rd, 
the electrical dischhfge apparatus must admit of getting through 
a large quantity of energy, that is of air, with a simple apparatus. 
Only cheap water-power can compete here. The best conducted 
plant, according to Schbnherr’s process, yields from 1 to 2-25 
per cent. NO. The discovery of Haber and Koenig, accord¬ 
ing to which the formation of NO is not a purely thermic 
reaction, but that in a cooled light-arc concentrations up to 90 
per cent, and upwards can be obtained, promises a thorough 
revolution in this field. 

TJie Swedish Nitric Syndicate (Ger. P. 233031) utilise the 
gases coming from the electric furnace, where N and O are 
combined, for concentrating nitric acid'by direct contact. 

Limb (Fr, P. 403536) describes for the treatment of atmo¬ 
spheric nitrogefi the production of an arc by means of a 
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rotating magnetic field,’obtained by the use r{ polyphase 
currents. » 

Scnez gnd Ginies (hr. P. 414726) describe an electric furnace 
for the same purpose. 

I’awlikowski (Ger. P. 225195) describes an apparatus for 
quickly compressing the gases for that purpose. 

II. Howard (Amer. P. 952248) compresses the gases and 
allows them to expand quickly, turning the heat into mechanical 
work. 

Presser (Ik P. 7319 of 1910) passes a mixture of N and O 
through a tube heated to a high temperature bjl an electric 
current. The tube is provided with many small apertures 
through which the nitrogen oxides> formed escape into the 
surrounding space, which is kept under diminished pressure, 
so that the expansion of the gases Causes the temperature to 
fall about 500". 

J. I rice (Ii. 1 . lOKxj. of 1909) fortifies the gases, derived 
from air by electrical methods, by adding oxygen obtained by 
the barium process, and with such a mixture he feeds an oxy- 
hydrogen flame, to assist in the combination of N and O. The 
gases are passed into water or bases and are separated from the 
water by converting this into superheated steam, which is then 
used in the barium process. 

Kaiser ( 13 . Ps. 12229 °f I 9 ° 9 ; 12220 and 20325 of 1910; 
Ger. I. 230042; I'r. P. 415976; Amer. Id 984925) produces an 
alternating current of high tension (25,01x1 vplts) within a tube, 
and forces a current of air, previously heated to 300 to 400 , 
through it, at the same time drawing in small quantities of 
gaseous ammonia, which greatly promoted the yield of nitrogen 
oxides. The mixed gases then pass through a fine platinum 
net, kept iS the forepart of the tut*;. ‘Without the addition of 
NH 3 the yield is only 2!, per cent. NO ; with NH.„ it increases 
to 6 per cent. (cf. the Siemens process of 1894). 

The Dynamite A. G. vorm. Nobel (Ger. P. 228849) describe 
the formation of a steadily burning light-arc in a irbn-conducting 
tube, outside of whic|i these is all along its length a nuiaber of 
oppositely arranged revolving magnetic fields, so that the air 
within the tube is alterftately heated and cooled. Their Ger. 

^ 223336 describes an arrangement, for the same purpose, 1 
consisting of a vessel within which thijre a’re rings of air- 



226 


RAW MATERIALS 


C <» 

tuyeres, reaching nearly as far as the light-arc, from which 
that arc receives, an air-blast from all sides. Their B. Ps. 24607 
of 1910 and 9GS2 of 1911, taken together with D. Crops, bear on 
the same matter. 

Tiimrr (Ger. 1 *. 223887; Hr. P. 412227), in order to attain 
a very high temperature and rapid cooling of the reaction 
products, produces' the dieating in a tube made of magnesia, 
from which the gaseous mixture issues in one or more 
quickly expanding jets. That 'body is interposed in the 
electric circuit, and is thereby brought to the requisite high 
temperature. 

D11 Pout’s apparatus (Amcr. Ps. 943661,948372^116 950703) 
also aims at rapid cooling. The perpendicular quartz tube 
holding the electrodes is surrounded by a silica tube, and cold 
water is run through the annular space between them, while a 
revolving magnetic field keeps the light-arc in constant circula¬ 
tion. The air enters into the quartz tube under a pressure 
of 50 atm. at the bottom and comes out at the top. His 
Amer. P. 946361 describes a “ container,” i.c., an electrical non¬ 
conductor, 111 a cooling-medium, within which the arc is 
longitudinally produced ; externally a series of rotary magnetic 
fields extends between the electrodes. 

The Chemischc Fabrik Griesheim-Elektron (Ger. P. 193367) 
forms electrodes of fused magnetic iron oxide; the molten mass 
is allowed to cool in the mould, until a solid, cylindrical shell is 
formed; the remaining fused ’oxides are run out, and a solid 
or hollow metallic care is put in. 

The same firm (Ger. P. 228422) produces horizontal light- 
arcs .and quickly rcirfovcs the products' of reaction by intro¬ 
ducing all along the arc gas from a system of shutter-like slits, 
so that the arc cannot rfse upwards, but is pressed ‘downwards 
by the inrushing gases and blown against the (adjustable) 
electrode. Their Ger. P. 234591 describes several special 
arrangements of the aforesaid slits, and other improvements of 
the apparatus'( so iloes their Ger. P. 235429. The B. P. is 5934 
of 19JO; Amer.' P. 981727; Fr. P. 412262; Belg. P. 204187; 
Ital. P. 321111 ; Hung. P 50856;'Swiss P. 51272; Canad. P. 
125696, etc., etc. 

Albihn (Ger. P. 228755), in order to start the way for the 
lines of force, ^rrangps the' electrodes in the shape of two con- 
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centric rings; this allows the construction of very ( nail furnaces 
of high capacity. • 

Le Nitrogcnc S. A., Geneva (Ger. P. 228423 ; h'r. P. 404230), 
prevent the extinction of the light-arc, which is easily brought 
about by the strong movement of the gases, by protecting the 
head of the electrodes by a fire-proof screen, or placing them in 
hollow spaces in the walls. In the case of ;ucontinuous current, 
the cathode only need be protected. 

The same firm (Fr. P. 404720) dries the gases before or 
after the formation of nitrogen oxides by the electric arc, and - 
produces nitric acid of 65 per cent, by absorbing "the nitrogen 
oxides from these dried gases in water. 

J. I,. Roberts (Amer. P. 902C07) produces NO from 
elementary N and O by passing them upwards in a tube in 
which an electric arc is formed containing chromium, or 
chromium ami iron. 

liinaghi (Ital. P. 92840) decomposes sea-water by the electric 
current and passes through the solution air which has passed 
through several Might-arcs, by which means sodium nitrate is 
formed. 

Brunet, Badin, and the Coinpagnie d’Alais (Fr. P. 402012; 
B. Ps. 16224 and 16225 1909; Ger. P. 237796), for the purpose 

of improv ing the yield of nitrogen oxides, maintain the tempera# 
ture of the electric arc constant, by using an alternating current 
of 200 to 1000 periods per second, and quickly cool the products 
by contact with a liquid. The electrodes arc arranged to form 
an upright fork in a chamber through which a regulated supply 
of air is passed from below; a “succession of expanding arcs 
travels up, and is immediately extinguished on entering a jyider 
chamber above by jets of pulverised liquid, which absorbs the 
nitrogen oxides formed. An addition to this patent describes 
the ultimate passing of the gases through an apparatus in 
which they are subjected to the silent electric discharge, so as 
to oxidisfi all nitrous compounds to nitric acids. 

The processes of II. and G. Pauling (Salpctersaurc-Industrie- 
Gcscllschaft ( 'Gelscukyrche) at Cologne) have*during the last 
years roused great attention. They- patents for the manu¬ 
facture of nitrogen oxid?s from air by electric methods are :— 
B. Ps. 5540 of 1904; 7869, 7870, 7871, 8452, 18599 of 1906; 
18901 of 1907; 22037 of 1909; 9884 and .223iq^of 1910; 1^121 
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and 14122 ofvu 1. Arner. l’s. 807491 ; 877446; 877447 ; 877448; 
896144; 8738^;.; 9913^5; 991357 ; 993 86 8; 999536 ; 999587. 
Austr.,Ps. 27726 ; 31485 131846 ; 49035 ; 34029. Ger. Ps. 180691 ; 
182849; 184958; 186454; 187367; 193366; 193402; 196112; 
196829;'198241 ; 202763; 203747; 205018; 205464; 211919; 
213710; 216090; 231584; 235299. Ger. P. appl. S30557; 
31188; 31189; 31716; 26008; 26009. 

We shall describe their processes principally according to 
the description given by Russ, in ' Oestcrr. Chan. Zcit ., 1909, pp. 
142 et sc//., of the factory erected at Patsch, near Innsbruck, and 
driven by water-power'of 15,000 h.p. Two other factories, of 
10,000 h.p. each, are in course of erection in the South of 
France and in Northern Italy. I shall also make use of special 
information received from the inventors. 

The electric light-arc furnace consists of two parallel shafts, 
lined with fire-bricks, in each of which a flame is-burning. The 
water-cooled electrodes are bent in the shape of the well- 
known lightning-conductors, designated in German as“ I lorner- 
Blitzableiter.” The flame-arc, lighted in the narrowest part of 
the conductor, rushes upwards, owing to the upward tendency 
of the hot gases, and tears off at every half-period of the 
alternating current, a new flame being always lighted at the 
narrowest (and lowest) part. If a current of air of great velocity 
is blown in between the electrodes of such a lightning-conductor, 
the arc is still further driven out, and arcs of considerable length 
are thus produced, consuming 2oo kw. and more. 

In order tp obtain flames of high electric energy at a 
comparatively small tension, and yet to blow in large quantities 
of air, a special lighting-arrangemefit (Ger. P. 198241) is 
employed, of which Fig. 41 is a sketch. The main electrodes 
a, at the place of the'least distance from each other, have 
a narrow slit through which pass horizontally movable 
“ Ziindschneiden," i.e., strips of copper, b, which are placed 
within fhe distance required for producing a quietly burning 
flame, by me'ans ,of the contrivance d , moved by hand and 
connected with; the “ Ziindschneidc ” by, an insulating inter¬ 
mediate piece c. As thesp copper strips are very thin, they do 
not disturb the motion of the air which rushes out of the 
tuyere e, in a width of 40 mm. at the narrowest place. The 
air is preferably preheated. Thte tuyere e is shaped in such 
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manner that the current of air, on issuing from it, takes a 
divergent course and washes the electrodes all along their 
length. The flames are very easily regulated ; they burn most 
quietly, and are about a metre long. The electrodes are made 
of iron, cooled by water, and stand on the average two hundred 
working-hours. The “ Zundschaeidcn ” are more quickly used, 
and must be put at the proper distance froip time to time. 

As the flame is lighted at every half-period, there is, eg. 
with alternating currents of 50 periods, a flame-band formed 
each l( V lf second ; this is drawn out by the air current and tears, 
off at a definite distance of the electrodes. Then follows the 
next flame-band, which is again drawn out and torn off, and 
so forth. The quick succession of these flame-bands produces 



the impression of a continuous flame of extraordinary light- 
power. 

The ignition takes place with a tension considerably greater 
than the working-tension, so that there is only a slight differen¬ 
tiation of phases and the flame* burns quietly. By applying 
the arrangement Ger. Ps. 193366 and 213710 any desired 
number of flames can be made to burn parallel or one behind 
the other, so that the power dcve'opcd by a generator of any 
amount of force can be electrical!)' utilised. It is therefore 
unnecessary to build special generators for working the furnaces, 
which is required for constantly burning flames; but the furnaces 
can be worked from any central power gene»ator, with full 
utilisation of the $nergy at disposal. Owing to this easy 
putting in and out of the furnaces, a central lighting-station in 
combination with a furnhee plant can be utilised to the extent 
of 96 per cent, on the average of twelve months. At present. 
( 1 9 11 ) there are furnaces a* work which consume upwards of 
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1200 kw. Tije yield obtained is from 60 to 65 g. UNO., per kilo¬ 
watt hour. If&af.e the power of the generator is belter utilised 
than with standing flames of a total yield of only 0-35,,to 0'4. 

The flame-gases, leaving the furnace at a temperature of about 
1200° must first be rapidly cooled. This takes place by means 
of “circulating-air," laterally introduced into the upper part of 
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but E—F 
Fig. 44. 

the flame-gases and specially cooled (Gcr. Ps. 193402, 202763, 
203747). Thi.tr"circulating-air" consists of part of the cooled 
reaction-gases, branched off before the furnace-gases enter the 
condensing-plant. Thereby concentrations of 1-5 per cent. 
NO by volume arc obtained on the large scale. 

As stated above, two light-arcs are always burning in a 
common furnace, as tjiey are show 1 in Figs. 42, 43, 44, which is 
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driven with a performance of 400 kw. per furnace at a current- 
tension of about 4000 volts; 600 cbpi. of air per hour pass 
through each furnace, not counting the "circulating-air.” 

In the Innsbruck factory twenty-four such furnaces are at 
work, consuming 15,000 h.p. One man can attend upon six 
furnaces. Two other factories,, with 10,000 h.p. each, are in 
course of erection in the South of France and in Northern Italy, 
and another at I Idhn, near Wiesbaden, for to,000 h.p. (Accord¬ 
ing to Chew. Zcit. Rep., 191 f, p. 475, the Pauling process was 
working at Roche de Ramc with 20,000 h.p. water-power. The^ 
temperature was kept at 600", and nor kilowatt hour Go g. 
IINO., was formed.) 

The heat of the gases, leaving the .furnace at 700'’ to 800' ('., 
is utilised for preheating the blast-air, for contracting the nitric 
acid and for evaporating the solution of sodium nitrite. The 
gases then entjtr the condcnsing-plant, consisting of stoneware 
pipes and towers, where they meet a coimlti -current of water,’ 
and produce nitric acid of 35 up to 50 per cent., which is usually 
further concentrated to 60 per cent, by the heat of die furnace- 
gases; it is possible to go up to 98 per cent. The nitrogen 
oxides, remaining in the gases after the condensation of the 
nitric acid, are completely utilised for the manufacture of sodium 
nitrite. 

The following notes refer to some improvements protected 
by the same firm. • 

TheSalpetersaure-Industric-<desc 11 schaU,Gelsenkirchcn(Ger. 

P. 182849), obtains from atmospheric air on one side mixtures 
of 0 and N very rich in oxygen, on the other* such mixtures 
very rich in nitrogen, by applying thr* principle of counter¬ 
current to the well-known capacity of water or alcohol to dis¬ 
solve under equal circumstances more «() than N, or vice versa. 

Their Gcr. P. 205018 prescribes cooling the nitrous gases 
obtained by their method by artificial cold below o', whereby 
acid of t 3 o per cent, is obtained. Ger. P. 213710 describes 
placing several flame arcs in series. Gcr. P. <116090 another 
contrivance for this jiurpc^e ; also, R P. 9884 yf 1910. 

Their Hr P. 22319 of 1916 (with Pauling) prescribes heating 
the mixture of N and ('* to a high temperature, and causing it 
to expand without fall of temperature. It is introduced into a.< 
chamber, where there is a vacuum - of 400 nun. mercury; this 

I 
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chamber 'is heated to maintain the' temperature during the 
expansion ofVjje gases, jvhich are subsequently cooled. By the 
expansion the reactivity is so reduced that the prqportion of 
nitrouk oxides produced at the highest temperature is nearly 
maintained duVing the cooling. The German patent for this 
process is No. 235299. , 

In their Amer. T. 807491 it is claimed to convert atmospheric 
nitrogen quantitatively into nitric acid in two phases: first, 
treating the air with spark discharges, and thereupon oxidising 
the nitrous oxides formed by exposing them to ozone, formed 
by Bark electric discharges. By means of absorption in water, 
or previous treatment with steam, ultimately nitric acid is 
obtained in a more or lq,ss concentrated form. 

Amer. P. 991357 provides for expanding the compressed air 
after its treatment in the arc-space, so that it is cooled down and 
the decomposition of the nitrogen oxide formed is prevented. 
"A special furnace for this purpose is' described in Pauling’s 
Amer. P. 999587, and in Amer. P. 999586 of the Salpetcrsaurc- 
Industrie-Gesellschaft (Ger. P. 231584). Pauling’s'B. Iks. 14121 
and 14122 of igu describe a tower for absorbing the nitrous 
gases produced by his processes by sulphuric acid, after having 
been first dried in a similar tower. The French patents are 
Nos. 430111 and 430112 ; the Ger. P. No. 244840 and 246712. 

Processes of Birkcland and Hyde. 

Among the most successful attempts at oxidising atmo¬ 
spheric nitrogen are those of Professor Birkcland, in Kristiania, 
and Eyde. Wi'ct ( Chcm. Ind ., 1905, pp. 703 ct set].) drew special 
attention to their process, and this became still better known by 
a paper read by Birkcland in London to the Faraday Society 
in 1906 (Trans. Far. S<v.,vu\. ii., September 1906).' An illus¬ 
trated description of that process and the Notodden factories is 
given by Dc la Vallee Poussin, 1910, Lyon, chez Rey and Cie. 
The principal element in their process is the production of a 
peculiar form o r high-tension flame, never before employed in 
technics, but sine/; then proved to be, a powerful technical aid 
in various chemical reactions. Two pointed copper electrodes, 
attached to a high-tension altcrnator^are placed equatorially 
between the poles of a powerful electro-magnet, in such a way 
that the terminals of the tilectrotie.s arc in the middle of a 
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magnetic field. Thereby *an electric disc flame is /prm'ed, such 
as is shown diagrammatically in Fig. 45.; the flqi^e here shown, 
which represents about 250 h.p., is established between water- 
cooled electrodes made of copper tubing of 15 mm. diameter. 

The working potential employed here is 5000 v@lts; the 
current is an alternating current.of 50 periods per second, and 
the terminals of the electrodes are at a fixed distance of about 8 
mm. from one another. Even with flames of 750 kw. at 5000 
volts, the same kind of electrodes can be employed, and here, 
too, the distance between the terminals of the electrodes is not . 
more than about 1 cm. Jiy the cooling'of the electrodes v^ith 
water, about 7-5 per cent, 
of the electric energy en¬ 
gaged between the elec¬ 
trodes is removed by the 
water ,qs heat. ( 

The formation of theke 
disc flames may be ex¬ 
plained as follows: at the 
terminals of the closely 
adjacent electrodes, a short 
arc is formed, thus estab¬ 
lishing an easily movable 
and ductile current-conductor in a strong and extensive magnetic 
field, i.e., from 4000 to 5000 lines of magnetic force per square 
centimetre in the centre. The ate thus formed then moves in a 
direction perpendicular to the lines of forie, at first with an. 
enormous velocity, which subsequently diminishes; and the 
extremities of the arc retire from the terminals of the electrodes. 
While the length of the 'arc, increases, its electrical resistance 
also increases, so that the tension is'increased, until it becomes 
sufficient to create a new arc at the points of the electrodes. 
The resistance of this short arc is very small, and the tension of 
the electrodes therefore sinks suddenly,' with the consequence 
that the outer long arc is extinguished. It is*assumed that, 
while this is taking place, the strength of the current is regulated 
by an inductive resistance in’series wjth the flaiVie. 

In an alternating curfent (Fig. 45) all the arcs with a positive 
direction of current run one way, while all with a negative 
direction run the opposite v*ay, presupposing the magnetising 

* 1 



Fig. 45. 



234 


RAW MATERIALS 


being £ffected by direct currents. In this way a complete, 
luminous, cird^lar disc «-is presented to the eye. The flame 
extends farther along the positive electrode than* along the 
negative. 

The'extremities of an arc may sometimes appear like glow¬ 
ing spots upon the back of the* electrode. The spots of light on 
the positive electrode arc small, and lie exceedingly close to one 
another; while those on the negative electrode are larger, and 
the distance between them is* greater. The reason of the 
appearance of these spots of light is that the arcs, so to speak, 
melt or solcfcr themselVes to the electrodes, so that the electric 
force can only make the extremities of the arcs njove along the 
electrodes in tiny leaps. 'It is evident from the curvature of the 
arcs that they cling more closely to the negative than to the 
positive electrode; and, 'therefore, the flame extends farther 
along the positive electrode than along the negative. 

When the flame ik burning it emits a loud noise, from which 
alone an impression may be obtained of the number of arcs 
formed per second in the flame. By the 
aid of an oscillograph, the tension curve 
for the electrodes and the current curve 
can easily be drawn. (In the original 
several such curves arc reproduced.) 

The flame here described was, for 
the purpose of producing nitric acid 
from air, enclosed in a special furnace, 
with a metal casing lined with fire¬ 
brick. The more decent form of this 
furnace is shown in Fig. 46. The fire- 
chamber is. only 5 to 15 cm. wide, in the 
direction of the lines of force, made 
partly of perforated fire-brick, air being 
supplied in an evenly distributed supply through the walls. 
The system of magnets is composed of two powerful electro¬ 
magnets, theii»extremitics turned in towards the fire-chamber. 
The magnetic tcircuit is closed, either,as in a horse-shoe 
magnet, or through the cast-steel*casing of the furnace. The 
air is driven into the central region oti both sides of the flame 
by gentle pressure from a Root’s blower; and after passing in 
a radial directjoli arrives at a peripheral channel, whence it is 
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conducted away. The horizontal electrodes are made of'copper 
tubing, 15 mm. in diameter, whose terminals ajr within about 
1 cm. of ope another, and are cooled by water in circulation 
which keeps them from fusing. The electrodes are exchanged 
and repaired after being in use for about three Hundred hours, 
the exchange itself taking about fifteen minutes to accomplish. 

At the factory at Notoddcn, in Norway, \vhere this process 
(after having been tried elsewhere on an experimental scale) 
has been carried out on a large scale, there were in 1906 three 
such furnaces, at 500 kw. each, in full activity. They burn 
extremely steadily, with a variation in tnergy of Only 2 tef 3 
per cent., although the electrodes have no automatic regulation. 
It has happened that a furnace has •burned for forty hours 
without being attended to. The furnaces themselves give 
notice of anything going wrong, for Vhe flame begins to roar, 
in ample time,to allow of an adjustment before the flame is 
extinguished. ' * 

The fire-brick lining stands very well, in spite of the 
enormously high temperature of the disc flame, as th*e„tempcra- 
tnre on the walls does not rise above 700" dur’ng normal 
working, owing to the cooling effect of the current of air. An 
estimate of two or three renewals of the lining per annum has 
proved too high. 

In the new manufactory at Notoddcn, 1 which obtains 30,000 
h.p. from a waterfall, 5 km. distant, the furnaces will be up to 
750 kw. under normal conditions, and during flood-tide up 
to 850 kw. With a working-tension of 5®o’o volts, the power 
factor for these furnaces will bq about 0-75. ,'Vhe cost of a 
furnace, including induction resistance, is •£ 1000, fully complete 
and capable of being attached.to an ordinary alternating-current 
with a tensiSn of 5000 volts. They therefore cost only £1 per 
kw,, which is surprisingly low; but in the future the cost will be 
even less, as they would be made much larger. Furnaces of 
2000 kw. Would cost only about £\ 100 to £\ 2 \o. I hear from 
Prof, llirkeland tliat in 1911 furnaces of 3000 to^ooo k’w. were 
used, and they were to go ss far as 6000 kw. * 

The nitrre oxide fumes, formed in the furhaccs and con- 
ducted away with the hoi* gases, fix, after cooling, more oxygen 
and form nitrogen peroxide which, on treatment with water, 

1 Other factories are placed at Svelyfos, Tienfos, Rjifkan, and Saaheim. 

^ * 
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yields ‘nitrip acid. The volume of a'ir thus treated in the three 
furnaces in i^jq6 was 7t5,ooo 1. per minute, and contained after¬ 
wards i per cent. NO. This rarefaction, of course, causes 
difficulties. 

Tho gases', coming from the furnace with a temperature of 
6o0° to 700°, first pass through a steam-boiler, the steam of 
which is utilised jn the manufacture of the ultimate product, 
calcium nitrate. (In the new plant the gases are directly 
passed through the evaporation-tank, which produces such a 
saving of heat that the employment of coal may presumably be 
avbided.) »■ 

After leaving the steam-boiler, the temperature of the gases 
is 200", and they are now further cooled down to 50“ in a 
cooling-apparatus, in order to be more easily absorbed by water. 
The gases then enter twet large oxidising-chambcrs, with acid-, 
proof lining, where the NO is converted into pitric peroxide; 
this is then converted into nitric acid, in two scries of stone 
towers, 2 x 2 x 10 m. inside. Each scries consists of five towers, 
two of granite, two of sandstone, filled with> pieces of quartz, 
over which*water is flowing and nitric acid is formed; the fifth 
tower is packed with bricks, over which milk of lime is run down 
and absorbs the last nitrous gases, with formation of calcium 
.nitrate and nitrite. The first tower yields nitric acid of 50 per 
cent., the second about 25 per cent., the third [ 5 per cent., and 
the fourth 5 per ceftt. The liquid from the fourth tower is 
raised by compressed air to the top of the third, that from the 
third to the second) and that from the second to the first, thus 
gradually incasing in concentration up to 50 per cent.; it is 
then conducted into a series of open granite stone tanks. Some 
of it is employed to decompose the calcium nitrite formed in 
the fifth tower; the N..OJ driven out is carried *uack to the 
towers. 

The solution of calcium nitrate thus obtained, together with 
the nitric acid stored-up, is converted in a scries of granite 
tanks by meats of limestone into a neutral solution of calcium 
nitrate. This solution is either evaporated in iron vessels to a 
boiling-point ol 145', answering lo a concentration of 75 to 80 
per cent, calcium nitrate or 13-5 per ient. N., which is run into 
iron drums of about 200 1. capacity where it congeals, and in 
that form goes^ ihto the market; or else it is evaporated only to 
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a boiling-point of 120 and allowed to crystallise. T^ie calcium 

nitrate crystallising out has the composition CafN0 3 ) J +4lI 2 0 
and is hygroscopic. It is used as a fertiliser, afid is rendered 
more fit for that purpose by converting it, according’ to a 
suggestion from Dr R. Messel, into basic nitrate* which keeps 
dry and can be scattered with a sewing-machine. It is quite as 
good a fertiliser as the natural saltpetre, and on sandy soil, 
which is deficient in lime, even superior to it. 

The cost of production in .the factory erected at Notodden 
in 1906 was estimated at per ton of calcium nitrate, con¬ 
taining 13-2 per cent. N, the selling price at .£8, as reckoned 
from the selling price then ruling for combined nitrogen = ,£60. 

Eyde, in /. Soc. Arts, 1909, pp. 5681-574 (/. Soc. Chau. InJ, 
1909, p. 1214), also describes the process as then carried out at 
Notodden, where at that time 40,05X1 to 45,000 h.p. were used 
for it. t 

In 1910 there were’ at Notodden 'thirty-two furnaces, 
going with 800 to 850 k’w., and altogether consuming 25,000 
to 26,000 kw., say, 34,000 to 35,000 h.p. The air Entered the 
furnaces at the rate of 1000 cbm. per second. 'Both the 
Birkeland-Eyde and the Schonherr process (see below) were 
in operation. 

In 1911 Scott Hansen, in a lecture before the Faraday 
Society, reports that 180,000 h.p. were to be employed for this 
manufactuie at Notodden, in which the* liadische Soda- und 
Anilinfabrik has a considerable share. He very fully describes 
the various establishments, already erected or planned, for 
utilising the Norwegian water-powers in the jftanufacture of 
chemicals, in the first instance of niHC »acid from air ( Chew. 
Trade /., 1911, xlviii. pp. 454-455). 

According to Z. angew. Chan., 1^1 i,.p. 1263, the natural gas, 
issuing at Kissarvas (Hungary), is to be utilised for manu¬ 
facturing nitrate fertilisers from air, by the process Birkeland- 
Eyde and Schonherr, to the extent of 9400 tons calcium nitrate 
and 2500 tons soefium nitrate. • 

Ammonium nitrate is fllso to be manufa’ctitred on a large 
scale at Notodden, to the’extent of 15 toils per day. A 
description of the instaflation for that purpose is made by 
Biihler in Chau, lnd., 1911, pp. 210-212. 

The patents of BirkelaivI and 'Eyde for 'their nitric acid 
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process arg as follows. In Norway'fifty-three various patents 
were taken ot^ for it, apd most of them applied for in all other 
countries. The principal foreign patents are :— 11 . (,’s. 20049 of 
1903; 20003,28613, and 28614 of [904; 3525 of 1905; 16885 
of 1907; 6265 of 1908. Ger. Ps. 170585; 179825; 179882; 
214445. Amer. Ps. 772862 ; 775123 ; 906682. P'r. P. 335C92. 

Properties and Analysis of Norwegian Nitre {Norge Salpctre). 
—According to Hals {Chan. Zcit ., 1911, p. 1130) that article, 
which for commercial purposes Is partly freed from its water of 
crystallisation, is much more hygroscopical than Chilian nitrate 
oPsoda. This property may sometimes interfere with its use as 
a fertiliser. 

The analytical methods for Norwegian nitre (lime, nitrogen, 
etc.) are treated by Dinslage in Chau. Zcit., 1911, p. 1045, and 
by Stutzcr and Guye {ibid, p. 891). The latter chemists employ 
by preference the "Nitron” method, describe^ by llusch in 
Perl. Per., 1905, p.*-861, and 1906, p. 1401; and in Lunge- 
Kcane’s Technical Methods of Chemical Analysis, vol. i. p. 311. 

Statistical .—The exports of Norwegian air-saltpetre (Norge 
Salpetre), 'according to the Central Statistical Bureau at 
Kristiania (quoted in Joiirn. Indust, and Rngiu. Chau., 1911, 
p. 948), have been as follows (in tons):— 


Country to which 
exported. 


luoy. 

1910. 





Denmark . 

538" 

256 

392 

Geimany . * 

3841 

4803 

+791 

Holland . 

1270 

11 49 

1687 

Relgiirnj. . 

32 

13d 

3 h 3 

Great Britain ^ 

■ 619 

2530 

4900 

k ranee 

671 

,152 

6S3 

Other countries. 

81 

. 340 

69) 


j-- 

— 


Total . 

7052 

9366 

13530 


According to Chan. Trade /., 1911, vol. xlix. p. C32, there 
was further e>fpor(ed from Notodden :— 


* 

i 909. 

1910.' 

Sodium nitrite . 
Sodium nitrate . 

t 

2577 

3200 

c 

502 tons. 

IO 74 *> 


V 
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According to Chau, bid., 191b, p. 69, the exportation from 
Norway in the year 1910 amounted to 13,531 tons calcium 
nitrate, 3200 tons sodium nitrite, and 1074 tons /odium nitrate. 
In the meantime also the manufacture of ammonium nitrate 
has taken a vigorous share. * 

Processes of the Padischc Anilin- und Sodafxbrik ( Schonherr ). 

Among the most successful inventions for the productions of 
nitric acid from air are thosq made by the chemists of the 
Badische Anilin- und Sodafabrik at Ludwigshafen. We shall 
in this place report upon them in the first instanoe from the 
publications, made by two of the gentlemen connected with that 
firm, viz., Dr Schonherr in FJcitrotcchqiischc Zeitschrift, 1909, 
parts 16 and 17 (more briefly in Z. angew. Chcm., 1908, pp. 1633 
cl seq .), and Professor Bernthsen, ibid., ,1909, pp. 1167 ct scq. 

Schonherr justly points out that the formation of nitrous 
gases from air by the action of high temperatures under ordinary 
circumstances does not Bfke place to a sufficient extent to be 
noticeable, Btit that another condition must undoubtedly be 
observed, if considerable quantities of nitric add arc to 
be obtained, viz., the rapid cooling of the highly heated air. 
The formation of a gramme-molecule = 30 g. NO from 10 0 + 
14 N absorbs 21,600 calories. According to a general law this 
formation increases with the time and the temperature, but for 
each temperature it cannot be driven, by ever so much pro¬ 
longed heating, beyond a certain point at which an equilibrium 
is reached, because at that point in the uyity of time just as 
much NO is decomposed into N + 0 as is newly formed by the 
opposite reaction. According to \ernst’ rjie formation of NO 
from atmospheric goes on 'at _ 

Deed's. * * 

1500 (abs. temp.) . . up to o-i per cent. 

192s 

> -002 „ 

' 2403 
2571 
2854 

3'<?3 .. * 

3327 >, , 

Hence, in every case a very large quantity of air must be 
heated without furnishing NO, Calculation shews, for instance, 


» - -J >» 



» 3 *. 

j> 4 f> 
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that at'1928 1 ' five times as much heal: must be expended as at 
33 2 7 °i in order to yield, the same weight of NO. From this it 
follows that oifiy such processes have a prospect of economical 
working in which the air is very highly heated. By means of 
the electric light-arc temperatures of 3000° can be obtained. 
But it is impossible to produce NO in the corresponding 
concentration, since an increase of temperature increases not 
only the concentration of NO, but also the velocity, both of its 
formation and of its decomposition, for at the point of equili¬ 
brium just as much of the substance in question is decomposed 
as" is newly formed within the same time. The velocity of 
decomposition at 3000' is about ten million times greater than 
at 1900 '. Hence the cooling of the products of the reaction 
must take place with enormous rapidity, and the practical yield 
of any process will principally depend upon the more or less 
fortunate application of this principle. Up to now the greatest 
success in this line has been attained'by applying an excess of 
air, which indeed takes place in most technical processes for 
this object, intentionally or unintentionallyall other cooling 
agents act' 1 too slowly. The dilution by this excess of air also 
acts favourably for preserving the once-formed NO, because 
the velocity of its decomposition also falls rapidly with its 
concentration. 

To be sure, already in 1906 Warburg pointed out that other 
than purely thermic effects may take place when treating air 
in the electric light-arc, and Haber and Koenig have in fact 
obtained such concentrations of NO as are impossible if only 
the purely thermodynamic conditions of equilibrium were pre¬ 
vailing. In a partia' vacuum, at too-mm. mercurial pressure, 
they obtained NO concentrations up to 10 per cent. But 
Schonherr points out 'hat in all technically applied processes 
for heating air by light-arcs, with very high intensities of 
current and pressures near the normal, those special effects, 
observed by Haber with more diffuse discharges, recede into the 
backgrbund, .and the purely thermical interpretation of the 
action may be applied also to the electrical heating. 

The concentration of the product depends also upon the 
proportion of the quantities in whicn the reacting substances 
are employed; as Schonherr calculates, a mixture of equal 
volumes of N and O would yield 20 per cent, more NO than 
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4 vol. N + 1 vol. 0 , i.e., atmospheric air ; but up to Mie present 
the employment of mixtures containing such, an excess of 
oxygen wyuld cost too much. 

After referring to the unsuccessful attempts of the 
Atmospheric Products Co. {supra, p. 21C) and many other 
inventors, and to the success attained by Birkeland and Hyde’s 
magnetic furnace {supra, p. 232), Schonherr .speaks of the work 
done at the Ludwigshafen factory, on the encouragement given 
by Dr von Jirunck, a little before 1900. In 1905, Schonherr 
succeeded in finding a method for the combustion of nitrogpn,-** 
still simpler than the magnetic furnace, and he wa .4 assisted in 
working it oyt by Ilessberger. Whereas up to then it was 
considered advantageous to produce 'a series of very rapidly 
moving light-arcs (as in the Birkeland-Eyde furnace), the 
process of the Badischc {i.e. Schd.iherr's) employs a very 
quietly,burning stable light-arc of very high current density. . 
This light-arc is of a peculiar kind. Schonherr had observed 
that it is quite impossible to make large quantities of air 
traverse through -'a light-arc, as attempted by many .inventors. 

In this case only a very small quantity of air gets into the area 
of electric discharges, and very small concentrations are obtained. 
High concentrations are obtained by carrying the air close to 
a quietly burning light-arc. But this is not so easy as it seems,, 
for a freely burning light-arc of some length is extinguished 
very easily, and this happens all the'more as very great 
velocities of air must be employed in order to utilise the 
energy. Moreover, the pulsations of the' alternating current 
(and no other currents can be thought of nowadays), its swelling 
from zero to a maximum, its rever.doif and flowing ip, the 
opposite direction, cause such.violent disturbances in a regulated 
supply of ai'r that it would appear'.impossible to resolve that 
task satisfactorily. But this can be brought about after all by 
carrying the air along the light-arc not in a straight line, but 
in a screw-motion. The alternating-current arc then burns as 
quietly as a candle, and can be enclosed ip a pretty narrow 
tube without touching i‘js walls. In practice the factory 
employs exclusively light-arcs, burning in tire centre of a 
vortex. In the interio/of the tube, insulated from this, an 
electrode is placed, air is passed through in whirling motion, • 
and the inflammation is caased by means of j very narrow 
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place in the tube, which causes the circuit to be closed by 
itself in that v spot. As soon as this is done, the air-current 
drive? on the short light-arc, primarily formed, and the result 
is a long light-arc, burning quietly in the centre of the tube, 
up to the point where the gases have become hot enough to 
be sufficiently conductive. An inductive resistance, placed 
before the light-arc, causes such a diminution of the tension 
during the burning of the arc that no further transit takes 
place in the above-mentioned narrow spot. If the arc is 
extinguished from any cause whatever, the relighting takes 
place automatically. 

A great many other methods have been tried for lighting 
the arc, which we shall pass over here. 

The whirling movement of the air is most easily produced 
by introducing the air tangentially into the pipe. This takes 
place in the recent form of the apparatus by means of eight 
openings, lying in a* plane, bored tangentially. Several series 
of these are made, one over the other, and an adjustable slide 
permits making the light-arc more or less lotig, so as to work 
it with very different quantities of energy, and to keep up the 
same length of flame and approximately the same concentration 
of nitrogen oxides. 

As the Ludwigshafen arrangements permitted working 
only one furnace with 300 kw., a factory was built at 
Kristiansand, in Nohvay, and started in 1907, for experi¬ 
mental purposes, where I3<x3 kw. are at disposal, and three 
furnaces at 500 h.p. "each can be worked. Future furnaces will 
be made with cooo h.p. each, and probably this can be driven 
to 2000 h.p. Fig. 47 gives a schematic' drawing of the present 
furnaces. Wc see in the centre the insulated electrode, con¬ 
sisting of a strong body of copper, cooled by water. It is 
perforated, and in the perforation there is a movable iron rod 
E, forming the electrode proper, from which the light-arc starts. 
This rod alone is subject to wear and tear. Under file heat of 
the light-arc a layer of fused Fe., 0 ., is formed at its surface 
which evaporates slowly. In proportion as this takes place, 
the iron rod is moved .forward. The cost of renewing the 
electrodes is extremely small, only a few pfennige per kilo¬ 
watt and year, and a new rod is put in by simply screwing it 
on to the old one, in about fifteen minutes. The cooled copper 
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body is so far removed from w atcr Sit 1 
the iron rod that the current 
cannot peas over. The start¬ 
ing of the light-arc is brought 
about by rod Z, which can be 
moved up to the electrode. 

The window G, near the bottom 
of the furnace, makes the start¬ 
ing-point of the light-arc visible, 
so that the electrode can be 
moved on in the proper inter¬ 
vals of time. This might be 
done automatically by mechani¬ 
cal means. 

The light-arc in the Kristian- 
sand 6«o h.p. furnaces is about 
5 m. long, that in the iopo h.p. 
furnaces, wfyeh are worked with 
a higher tensidh, 7 m. The 
surrounding pipe is an iron pipe 
which the light-arc touches only 
for a moment on being started, 
and its durability is unlimited. 

Its upper part is formed as a 
cooler, and the light-arc, by 
means of the regulating-slide,* 
is driven up to this point, 
which can be observed by two . 
windows, G, G.,, in thb upper 
part of the furnace. It is seen 
there that tfie upper end of the 
light-arc continually changes its 
place, so that it touches a com¬ 
paratively !;rrge surface of the 
cooler. Therefore the cooler is 
not subject to much, weaf and 
tear; after four months’ work 
hardly anything of this kind 
could be observed; it can also 
be easily renewed. • 


G, 


t 


Outlet 
<-of the 
Gases 


Cooling of ; 
electrodes 


• Fig. 47. 
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After passing through the cooler, the gases descend in a 
brick-lined channel surrounding the inner part of the furnace ; 
they go to a co/uinon flue and from this into the steam-boiler 
which serves as further cooler, and the steam from which serves 
for concentrating the liquors produced in the process. On 
descending in the furnace they give up part of their heat to 
the pipe by which the flesh air is supplied to the furnace. The 
drawing shows how this air first rises upwards and receives heat 
from the outgoing hot gases; it turns round within the cooler, 
passing the innermost pipe which encloses the light-arc, and is 
thus further' heated, so that it arrives sufficiently hot through 
the afore-mentioned tangential borings in the flame-pipe itself. 

The vertical arrangement of the flame is not essential; it 
may also burn horizontally. The air may also be sent through 
from the top downwards; 1 and if the pipe is short enough and 
open at the opposite end, an enormously hot* blast-flame is 
formed of strongly oxidising properties. Such an arrangement 
can be used for oxidising or reducing fusions, according to the 
nature of-the gas employed. In this case the charge and the 
fusion vessel itself serve as second electrode. 

Several other modifications are described in Schdnhcrr’s 
paper. lie states that the duty factor of their light-arcs is 
0-92 to 0-96; the long time of contact, which has been found 
fault with by some critics, just favours the utilisation of the 
energy expended. Still, of the total energy spent upon the 
light-arc, only about 3 per cent, are actually expended in the 
formation of NO; but apart from this a large quantity of 
highly heated r.ir is obtained, of which certainly only a small 
propprtion is utilised' for other purposes. The preheating of 
the air in iron tubes cannot very .well be driven beyond 500°. 
Of the total heat brought un by the light-arc, 40'per cent, is 
recovered in the shape of hot water, 17 per cent, is lost by radia¬ 
tion, 30 per cent, is utilised in the steam-boiler, and another 
10 per cent, must be taken out of the gases by cooling with 
water after leaving the boiler, so that only 3 per cent, are 
utilised for the tormation of nitric oxide. The heat going out 
in the shape of hot water and steam might be utilised for other 
purposes; the steam is used for boiling down the liquor, so 
that the factory requires no other sources of heat except the 
electric energy. 
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We have seen that, alter the heating of the air„thc‘re must 

be a sudden cooling. This need not ,be carried further than 
down to y>00° to 1500°; the velocity of decomposition of NO 
is then small enough to allow of taking out the remaining heat 
without any loss of nitric oxide. The gases in’ fact leave the 
flame-pipe at 1200', and on entering the common gas flue 
they are at 850°. When the temperature has gone down below 
600", the colourless NO combines with more O, from the air 
present'in excess, and yields brown-red gaseous nitric peroxide, 
N 0 2 . . This oxidation is only perfect below 140° and takes som£, 
time. A gas mixture containing 2 pcr’cent. NO, cooled down 
to 2cf, requires twelve seconds for the oxidation of 50 per 
cent, or one hundred seconds for the.oxidation of 90 per cent, 
of the NO present. The utilisation of this nitric peroxide is 
not quite a simple matter. Alkajin® liquids, like solutions of 
sodium, carbonate or milk of lime, absorb it with formation of 
equal parts of nitrate ahd nitrite, and these mixtures can be 
used directly for manurial purposes. The former statements as 
to the alleged noxious effect of nitrites on plants'Jiave been 
entirely refuted by the investigations of Lepel, Scrfldsing, and 
Wagner, which have proved beyond any doubt the equivalence 
of nitrous with nitric nitrogen for the plants. 

The application of soda solution is out of the question on 
account of the cost, and that of milk of lime is connected with 
difficulties, as ordinary flushing towers arc quickly stopped up. 
These difficulties have now been overcome, and the nitrite of 
lime obtained contains 18 per cent, nitrogdn, against only 15. 
per cent, in Chilian nitrate of .soda, and 13 per cent, in the 
Norge saltpetre, brought into the trade 4 rom Notoddcn.^ For 
that matter, the nitrite might be easily converted into nitrate, 
if required. * *, • 

At Notodden (Birkeland and Eyde’s process) most of the 
absorption takes place by means of water; thus free nitric and 
nitrous acid arc formed. The latter decomposes into UNO, 
and NO, which goes out with the air and is ^ again oxi’dised to 
N 0 2 , and must be treated as before. The last® portions of NO 
are in that factory absorbeef in sotfa soiution'and yield pure 
sodium nitrite, for whicl/thcre is a sale in the manufacture of 
azo-dyes. If it is washed, the whole of the NO produced may. 
be converted into sodium nitrite by the Badisclfe Ger. P. 188188, 
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which is* carried out at Kristiai'isand. 1 But the market for this 
product is limited. „ 

The oxidation of the NO and the absorption of the higher 
nitrogen oxides requires large spaces, and special arrangements 
are mad* for this purpose, such as the interposing of oxidising 
spaces in which the gases remain for some time {vide infra). 
The absorption by sulphuric acid, with formation of nitric and 
nitroso-sulphuric acid, is easy, but the utilisation of this product 
is not quite easy outside of sulphuric acid works. Other methods 
proposed are also not fit for a very large production, and there 
is still room Tor improvements in that field. 

In conclusion, Schonherr mentions the various projects 
for further establishments, to be founded in various parts of 
Norway by the Badischc Anilin- und Sodafabrik, associated 
for that purpose with the Elberfclder Farbenfabrik, the 
A. G. for Anilinfabrikation, Berlin, and the Norsk Hydro- 
electrisk Kvaelstofkompagni. Upwards of 400,000 h.p. in 
the shape of water-power has been secured for that purpose. 
In Germany as well the Badische will carry out their process 
by means 'of 50,000 electric h.p., obtained from the water of 
the Alz, the outlet of the Chiemsee. 1 

Bernthscn {/or. (it., p. 1174) points out that the concentration 
of NO in the Badischc (/.<’. Schonherr’s) apparatus is — 2 per 
cent., i.e., from one and a half to two times as great as in the 
Birkeland-Eydc apparatus. 

The patents of the Badische Anilin- und Sodafabrik are as 
.follows :— , 

A. For producing light-arcs. 

B. Ps. 568S and 26602 of 1904; 1.4955 °f 1905; 9279 of 
1906; 20406 of 1908; 10465 and 20129 of 1909. Ger. Ps. 
168601; 201279; 204997; ,'212051 ; 212501; 2128C8; 319494; 
223586; 227012; 229292; Ger. 1 ’. appl. B54700. Fr. Ps. 
357358; 410710; 418892; 396375. Amer. Ps. (of Schonherr 
and Hessberger) 991174 ; 1003279. 

11 . For absorption of nitrogen oxides. 

B. Ps. 10465*; 10867, 11274, and, 20502 of 1909. Ger. Ps. 
188188; 210167; 212868; 220539; 229780; 223026; 223556; 

1 In June 1911 the newspapers report that, owing to difficulties which 
have arisen about the water-power of the Alz, the Badische had given up 
their project of ejecting a factory there. 
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232926; 233586; 23372^; 233^67; 233982; 2375625.23^369. 
Fr. l>s. 363643 ; 411574 ; 412788; 3987^8. Amer. P. 991356. 

Apart from their share in the Notodden yorks (Birkeland 
and Eyde’s process), the Badische are making- installations at 
Vernork, near Saaheim in Telemarken, where the Rjukan falls 
yield 195,500 h.p., and an annyal production of So,000 tons 
nitre, of* a value of 13,000,000 marks js expected. The same 
concern is building a factory in Norway, utilising the falls of the 
Tya River, of about 70,000 h.p. 

Utilisation of the Nitrous Vapours obtained by the , 
Oxidation of Atmospheric Nitrogen. ' 

The conversion of the very dilute nitrous gases, obtained by 
the above-described processes, into marketable products is not 
quite an easy matter. Several final products can be obtained 
therefrom, such as free nitric acirl, or nitrates, or nitrites; and 
even li'quid nitrogen pccoxidc has been qiade from them. The* 
demand for the latter will hardly ever be considerable; nor is 
there anyThancf of greatly increasing that of sodium nitrite, of 
which a few thousand tons per annum arc consumed for the 
manufacture of azo-colours. The consumption of nitric acid is 
far more considerable, but the expense of the glass carboys or 
other means of transporting that acid prevents its manufacture 
on a very large scale, more particularly as nearly all of that add 
is consumed at places very far distant from those where the 
abundance of water-power admits of the manufacture of nitrogen 
oxides from air. On the other hand v the consumption of 
nitrates for agricultural purposes is practically, unlimited, and 
as these are easily and cheaply carried* Jo any’distancc by land 
or by water, the principal task will always be that of ultimately 
fixing the atmospheric nitrogen is tins shape, although in the 
first instance the production of nftric acid as an intermediate 
product must take place. 

Among the nitrates, that of calcium takes a prominent part 
in the industry here described, as, on the one Jiand, k is much 
cheaper to make than sodium nitrate, and,'op the other hand, 
its value for agricultural purposes is qujtc as great, and that for 
chemical manufactures* c.g. that of nitric acid and indirectly 
that of explosives, nearly as great as the value of sodium nitrate., 
The general principle to J>c followed here, has been several 
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timeb tquched upon in the precfcding descriptions. In the first 
instance the atmospheric nitrogen is always converted into nitric 
oxide, NO, and\Tiis, as well known, very easily passes over into 
peroxide, NO., or N., 0 , t . If the gases are brought into contact 
with water in lowers or similar apparatus, the nitric peroxide 
yields equal molecules of nitric and nitrous acid ; the latter 
quickly decomposes intq nitric acid and NO, and this is carried 
back into the process, so that ultimately the whole of the 
nitrogen oxides is converted into nitric acid, which is always 
dilute, say 40 per cent. UNO.,. This dilute nitric acid is cither 
concentrate^ for sale a» strong acid, or, on account of the afore¬ 
said difficulties, it is more frequently converted into calcium 
nitrate by means of linjestone. That nitrate can also be 
obtained in the dry way by passing the gases over quicklime ; 
or, according to the patents of the Badische Co., in the wet way 
by direct absorption of the gases in milk of lime. ( The calcium 
nitrate thus obtained now forms an important article of trade, 
usually under the name of Norge saltpetre (Norwegian nitre), 
see p. 238. « 

Wc hav'i had frequent occasion to refer to the treatment of 
the lower nitrogen oxides for commercial products in the above 
given descriptions of various processes for oxidising atmospheric 
nitrogen, and we shall now enumerate the more recent processes 
Worked out in that line, partially not yet mentioned before. In 
that respect, ef. also tin; processes employed for the treatment 
of the lower nitrogen oxides ia the manufacture of nitric acid 
by the ordinary methpds, supra, pp. 182 et se</. 

The Badische Anilin- und Sodafabrik has taken out a number 
of patents for dealing \vhh the dilute nitrous gases in various 
ways. • 

B. I 1 . 10867 of 1909 apd Ger. P. 210167 of the Badische Co. 
describes the manufacture of commercially pure nitrates by 
adding limited quantities of aqueous vapour to the gaseous 
mixtures produced by the electric arc flame from air, by passing 
these gases oven the solid oxides, hydroxides hr carbonates of 
the alkaline eartl; Inetals, while maintaining these at such a 
temperature that ’all the. water set free remains in the state of 
vapour. This produces practically purC nitrate. If magnesia 
is employed as the absorbing agent, the addition of steam or 
water to the gases, can be dispensed,with, as magnesium nitrate 
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is stable at a temperature At which magnesium, nitrite 
splits up. 

The same firm (B. P. 10465 of 1909) absorbs/he nitrous acid 
from the gaseous mixture by introducing into it milk of lifne, or 
other suitable bases, in the state 0. fine division,by means 
. of a spray. 

Their.Ger. P. 229780 prescribes the .application of a spray- 
producer, worked by a compressed gas issuing from a narrow 
orifice, which is in the centre of the tube conveying the liquid to 
be converted into a spray, for removing nitrous acid from its 

solutions. , . * 

• 

Their Ger.^P. 2311805 describes the preparation of nitrogen 
peroxide, free from nitric acid, by dryipg washed NO by means 
of concentrated sulphuric acid, and combining it with dry 
oxygen or air. 

The same firm (Fr. P. 412788'and Ger. P. appl. B52866) 
absorbs nitrous gases by means of finely divided bases, 
suspended in water, and, i*n order to observe the reaction, glass 
windows are plac.cd in suitable places of the apparatus; by 
means of a door in the side the atomiser can be Cleared of 
obstructions without stopping the working of the apparatus. 

According to Ger. P. 232926, that firm absorbs nitrogen 
oxides, whether pure or mixed with air, etc., by the oxide, 
hydroxide, or carbonate of magnesium, at a temperature at* 
which no nitrite, but only nitrate of magnesium is formed. 

Their Ger. P. 233729 precipitates the fogs occurring in 
nitrous gases by passing them between a ^parking and a non¬ 
sparking electrode, the latter being formed by tjie walls of a 
cylindrical vessel, in which the sparks are produced by pointed 
electrodes. * • 

Their Ge.». P. 233967 describes the siyrply of basic agents for 
the absorption of nitrous gases without the application of 
towers, in the shape of drops, which avoids the trouble caused 
by the formation of sludge. Ger. P. 233982 protects for that 
purpose the * apphtation of spray-producers, in^o which the 
liquid is introduced tangentially at the basis* that basis being 
formed of glass or other transparent material. • In this way a 
whirling motion is prodftced, visible' through the glass as a 
point or disc; any irregularity of work is recognised by the 
enlargement or diminution of that dark disc. .Their Ger. Ps. 
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238367 and 238368 describe prftcesseS for producing continuous 
long light-arcs. 

Their Ger. ]< 238369, Fr. P. 398738, converts alkaline-earth 
nitrites into nitrates by treating them at 300" with the higher 
oxides of nitrogen in the presence of air; NO is also produced, 
which acts as a carrier of oxygpn to a further quantity of nitrite. 

The same firm (Ampr. P. 991356) makes nitrate and nitrite 
of sodium by passing nitrous gases through a series of lowers, 
passing a 20 per cent, sodium carbonate solution in the oppo¬ 
site direction through part of the series, separating the nitrite 
frdm the solution that -has traversed this part of the series, and 
separating the nitrate from the residual solution, after passing 
it through the remainder, of the series. 

Among all metals, only iron, aluminium, and chromium 
produce nitrates, which on heating with water give off nitric 
acid without any products of decomposition of this acid. When 
heated at ordinary pressures, nitric acid begins to distil over at 
1 15" I 2 5 5 and by gradually heating ftp to 145’, so much of it 
distils off that basic nitrates of the desired composition remain. 
When heSiing in a vacuum, r.g. of 20 mm., the distillation of 
nitric acid begins at 55-60", and is finished at 75-80". 

The same firm’s Ger. P. 243892 shows how concentrated 
vapours of N., 0 ., can be obtained by treating the liquors, pro¬ 
duced according to the preceding patent, by the products of 
absorbing the dilute pitrous gases in caustic alkali or alkaline 
earths in the well-known manner. Thereby pure alkaline or 
earthy-alkaline nitrates are formed, together with the hydroxides 
of iron, aluminium, or chromium, which are used over again, 
as above described.' , • 

Ger. P. 242288 of the Badische describes the preparation 
of pure nitrogen peroxide.from gases containing* but little of 
it, by compressing them to 6 atm., taking the heat of com¬ 
pression away and allowing the gases to expand adiabatically, 
whereby such cooling is effected that the higher nitrogen oxides 
separate in solid shape. For this, temperatures bf about 8o° 
are sufficient. Jlk energy produce^ by the expansion may be 
utilised for doing work ; also the'cokl produced by the expan¬ 
sion for cooling the compressed gasfes, or by dehydrating the 
original gaseous mixture. 

The Farben/aberken vorm. I^ayer (Ger. P. 228426; Fr. P. 
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423760) separate nitrogen’ oxide's from gaseous mixtures by 
absorbing them in wood-charcoal, and recovers them’ from this 
in a concentrated form by treatment with dry high-pressure 
steam, hot air, or an indifferent gas. 

Schlarb (Fr. P. 422751; Amer. P. appl. 2427’of 191.1; Ger. 
1’- 2 73' s ,?9) absorbs nitrous gase-j of any degree of concentra¬ 
tion and eomposition by mixtures of wafer with oxides of iron, 
aluminium, or chromium, if necessary with‘addition of alkali, 
alkaline earths, or magnesia. From these liquors nitric acid is 
obtained by heating, preferably in a vacuum or under dimin¬ 
ished pressure. The basic constituents remain behind, aficf 
can be used oyer again after removing the nitrates formed. It 
is stated that by this means nitric acid,of 50 to 80 per cent, can 
be obtained. 

The Soc. Lc Nitrogene (Fr. P..42;022) introduces into the 
gases containing nitrogen oxides a small quantity of a solvent, 
which freezes below 50”, boils above 50°, and is capable of dis¬ 
solving NX>, without attacking it, like carbon tetrachloride, 
chloroform, or pcntachlorethane, or mixtures of these, brought 
into the refrigerating portion of an apparatus in whiJh nitrogen 
oxides are prepared by igneous synthesis from N and O. 
These solvents maintain the continued efficacy of refrigeration, 
as they dissolve the N., 0 ,, and prevent this from forming a non¬ 
conducting crust on the outside of the cooling apparatus. The 
addition of powdered animal charcoal to.the gases before cool¬ 
ing renders the condensation and solution of N., 0 . ( possible at a 
higher temperature than when such addition-is not made. The 
F'r. P. 421313 of the same firm prescribes depriving the gases' 
before refrigeration from moisture and ('IQ.,, before compressing 
and washing out the apparatus after refrigeration with a solvent 
like those lfientioned in the last j»atcvit. Their Fr. P. 424598 
states that concentrated nitric acid can be obtained by treating 
a molecular mixture of N„ 0 ,, and H .,0 with oxygen under 
pressure,'or by charcoal soaked with a peroxide. 

Baron Vdetinghoff-Scheel (Ger. P. 225706) states "that the 
reaction between NO.,, 0 ,*md IIX) is essentially promoted by 
high pressure, and that in this way more highly concentrated 
nitric acid can be obtained than by flushing towers, etc. 

Sir W. Ramsay ( 13 , P. 26981 of 1907), to increase the 
efficiency of absorption of »the nitrogen oxides, liquefies the 
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mixed gases, alter cooling therti by the gaseous products of the 
liquefying apparatus; by fractional liquefaction the oxides of 
nitrogen can IV separated; or else the liquefied product is 
subjected to evaporation and rectification, to concentrate the 
oxides of nitrbgen. 

The Elcktrochemische Werke (B. F. 9233 of 1908; Ger. P. 
1995C1) pass the mixture of air and NO,, through a drum 
rotating at high speed, cooling the gases either before entering 
the drum or in the drum itself. The gases ought to come 
^entirely into contact with the walls of the drum. The mist of 
water and condensed' N 2 0 4 is forced by centrifugal action 
against the wall of the drum, from which the liquid is continu¬ 
ously drawn off. A little steam may be mixed with the gases 
before entering the drum. 

Another process of the Klektrochemischc YVerke (Ger. P. 
212423; Fr. P. 411693) consists in taking the ijitrogen oxides 
out by weakly basic oxides, such as those of Zn, Cu, Mg, or Pb, 
or the rare earths, and expelling it from these compounds in 
the shape df concentrated nitric acid by well known methods. 
If the powdered oxides are agitated during the passage of the 
gases, the absorption goes on very quickly, completely, and up 
to the formation of neutral salts. These are gradually heated 
in iron retorts, where the absorbed nitrogen oxides are given 
out as NO.,. This may be condensed and sold as liquid N 2 0 4 , 
or oxidised into UNO* in appropriate water-fed towers. 

The General Electric Co. (Amer. P. 921975) pass a mixture 
of nitric oxide and lti r over a weak basic oxide, and decompose 
the product by .heating under reduced pressure ; the liberated 
gas is absorbed by water and yields commercial nitric acid. 

Bfdeau (Fr. P. 396299) prepares nitrosulphuric acid by con¬ 
ducting nitrous vapours, f}V means of a fan, into cast-iron 
vessels containing sulphuric acid. For the preparation of dilute 
nitric acid the apparatus is constructed of stoneware. 

The Allgemeinc Elektrizitats-Ges. (I?. P. 8426 'of 1908) 
absorb the oxides of nitrogen by weak bases, s\ich as oxides of 
Zn, Cu, or Pb ; the mixture of nitrataand nitrite thus obtained 
is afterwards decomposed by heatihg, if desired under reduced 
pressure, with evolution of pure nitrogen peroxide. 

. The Norsk Ilydro-Elektrisk Kvaelstof A.S. (Ger. P. 206949 1 
Birkeland’s B. P.‘ 256^2 of i907)«‘absorb the nitrous fumes, 
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obtained by the electrical oxidation of atmospheric njtrogen, by 
calcium cyanamide, thus obtaining a mixture of ammonium and 
calcium nijratc, valuable as a fertiliser. The nitrous fumes arc 
readily and completely absorbed in this way. 

Ostwald (Ger. I’. 207154) prescribes nickel steel for the con¬ 
struction of all parts of apparatus.coming into contact with hot 
nitrogen Oxides, but care must be taken to_ prevent any con¬ 
densation of these gases. 

Bergius (Ger. P. appl. B53617) mixes the gases produced 
in the light-arc, containing about 2 per cent. N 0 2 , with Cf 
and ILO, and compresses the rnixtu're to abotit 25 atm., 
whereupon it is passed through a healed reaction-space 
in which the formation of HNO ;l takes place, the pressure 
preventing the decomposition otherwise produced by the heat. 

The Swedish Nitric Syndicate. (Austr. P. 43740) effects the 
concentjation (jf electrically produced nitric acid in two stages, 
the first by contact with hot air, the second by distillation of the 
partially concentrated nitric acid with sulphuric acid, utilising 
the heat of the same gaseous current. * 

Brunet, Badin, and the Compagnie des Produits chitniques 
d’Alais ct de la Camargue (Ger. P. 237796) describe horn- 
shaped electrodes for the production of nitrogen oxides by the 
electric arc. 

Moscicki (Ger. P. 236S82) and Ellis (Amer. P. 1007683) also 
describe arrangements for this purpose. • 

Sparrl (Amer. P. 100S3S3) converts nitrogen protoxide in 
solutions into NO by passing it through a diaphragm apparatus . 
with high anodic and low cathodic current-densities 

R. Frank and the Siemens and Halslce Co. (Ger. P. 246615) 
utilise the dilute nitrogen oxjdes, produced by the electric arc, 
which cannot be easily and cheapl/^tramsformcd into dry salts, 
by bringing them with complete exclusion of moisture into 
contact with the halogen-hydrogen acids, or the vapours of 
these. Ftirther patents in this line: Farbwerke Ilochst (Ger. 

P. 244362); Koch’(Fr. P. 435733). , * 

. Nitric Acid*from Ammonia. * 

t * 

Theoretical investigations on the oxidation of ammonia or 
ammonium salts to nitric acid which, of course, has been known. * 
to occur for a long time, and %vhich lias byen (Ajjecially studied 
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by Schonhein during the years* 1845 to 1867, have been recently 
made by the following authors. 

Kempf (Bt'/Y Her., 1905, xxxviii. p. 3966). , 

Traube and Biltz (ibid., 1906, xxxix. p. 166) proved the 
anodic oxidation of NIL, in solutions of fixed alkalis or car¬ 
bonates by means of copper ^salts. At ordinary temperatures 
nitrites are formed almost quantitatively, and only 'when the 
solution contains much nitrite, this is partly oxidised to nitrate. 

Muller and Spitzer {Z. lilectrochcm ., xi. p. 917) found that 
.the anodic oxidation ofNH.,in alkaline solutions goes on up 
to nitrate Only when anodes of platinum or cobalt are used ; 
otherwise only nitrites and free nitrogen are formed. The 
yield is increased by the addition of salts of copper, cobalt, or 
nickel, or by the use of anodes consisting of metallic oxides. 

Besson and Rosset (Comptes rend cxlii. p. 633) examined 
the action of N, 0 4 upon NH,,. r 

Bocker and Schrfiidt {Bert. Her., 1906, p. 1366) studied the 
oxidation of NIL,, by platinum asbestos, according to Ostwald’s 
process (s^ below), and came to the conclusion that this process 
cannot pay. 

Brochet and Boitcau ( Z. angew. Chau., 1909, p. 1234) found 
ammonium nitrate as main product of the electrolytic treat¬ 
ment of NIL, by means of graphic electrodes. When employing 
platinum or iron electrodes, the phenomena were complicated. 
The oxidation of NIf 3 to HNO ;J requires great quantities of 
current. 

Bourgerel {MoltH. Scicnt., 1911, pp. 5C1-575; Chan. Zcil. 
Cep., 1911, p..621) discusses the preparation of aluminium 
nitride for the fixation of atmospheric nitrogen. He calculates 
the cost price of chemically active nitrogen at 177 frs. per 
kilogram, that is more thftn that contained in thili sodium 
nitrate, which is only 1-30 frs. per kilogram (taking the price of 
Chili nitrate = 23 frs. per 100 kg.). The cost price of active 
nitrogen in the shape of electrolytically produced nitric acid he 
states = 091 fr%. p^r kilogram. 

Reinders and Cats {Chan. Centr.f 1912,. i. p. 708) found that 
in a mixture of* NH 3 and air, when passing it ovtr catalysers, 
up to 80-90 per cent, could be oxidised into HNO., and N 2 0 3 . 
The best temperature for this was 6oo° in the case of platinum, 
and 650-700° in that pf ferric oxide. 
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The following patents refer to the technical production of 
nitric acid, nitrates (or nitrites), from ammonia 

Stuart-Jiailey ( 13 . P. 19189 of 1905) inanu'actures sodium 
nitrate by oxidising NH 3 to ammonium nitrate or nitric acid, 
and treating the product with electrolytically made caustic soda. 

Nordyke and the Marmon Go. (Ger. P. 189472; 13 . P. 1204 
of 1906) describe an apparatus for producing nitrogen oxides 
from NI f 3 and air by electrical heating in a spiral platinum 
tube. 

Marston ( 13 . P. 19074 of 1900) passes such mixtures ove£ 
red-hot copper, iron, or other oxidisable inetals. ’ 

Kcler and the Farbenfabriken Iiayer in Elberfcld ( 13 . P. 
18594 of 1903; Amer. P. 763491 ; Ger. P. 168272) pass a 
mixture of air witli 4 or 5 vol. per cent, of NIT, at temperatures 
of 600 to 750’ over catalyscrs, consisting of the oxides of 
heavy lpetals, ^specially ferric oxide, and absorb the product in 
alkaline solutions. In this way almost exclusively nitrites are 
formed. — 

The Chemische Fabrik Griesheim-Elektron (B.’Jj. 13954 of 
1907; Fr. P. 380884; Amer. P. 971149, etc.; Ger. P. appl. 
C17336) employs for the production of nitric acid from 
ammonia a catalyser, consisting of quartz or newly-glazed 
porcelain, on which platinum is precipitated as a very thin film 
and heated up to sintering together with the underlying body. 
This prevents a loosening of the platinum surface, such as 
happens in ordinary cases duringthe process and which causes a 
decrease in the efficiency of the contact su.face. This process, 
is in operation at Griesheim. , 

Collett and Eckardt*(I 3 . P. 10815 of 1909) prepare nitrate of 
lime from (electrically produced calcium) cyanumide in the 
following mariner. The nitrogen ofjpaloium cyanarnide is trans¬ 
formed into ammonia by saponification, heating it with aqueous 
nitrate of lime. This ammonia is oxidised and transformed 
into nitric’ acid or nitrogen oxides. The novelty of the patent 
consists in the arrangement of the various. stages, as all the 
steps are known. . ■» 1 

Kaiser ( 53 . P. 20325 of‘1909; ^\m£r. P. 987375; Fr. P. 
419782) preheats the air to 300" to 400' before mixing it with 
the ammonia, prior to passing it over a heated contact sub-» * 
stance, such as platinum wire*gauze (Ger. JA ap'pl 4 K42005). 
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Thtf same inventor (Ger. P. appl. K40923) carries the air, 
before mixing it with ammonia, over a heated contact substance 
(platinum, etc.),' or subjects it to electric discharges. . 

Very much work in this direction has been done by the 
celebrated Professor Ostwald, whose patents we shall now 
enumerate. In Berg- u. H'uttnnn. Rundschau , 1906, p. 71, he 
states as a principal 'condition for his processes h definite 
velocity of the reacting gases and the employment of cathodes 
of platinum foils coated with spongy platinum. 

. m VV. Ostwald (B. P. 698 of 1902) passes ammonia, with more or 
less than itTvolume of atmospheric air, at a red-heat over smooth 
platinum, coated with a layer of spongy or bkick platinum. 
The smooth platinum causes the ammonia to be burnt into 
nitric acid, with practically no formation of free nitrogen. The 
finely divided platinum accelerates both reactions, the second 
one more than the first. By moderate use of the finely divided 
platinum with the siYiooth platinum, the operation can be so 
performed that the reaction takes place rapidly, but without 
any great, formation of free nitrogen. The same effect is pro¬ 
duced by iridium, rhodium, palladium, the peroxides of lead 
and manganese, the oxides of silver, copper, iron, chromium, 
nickel, and cobalt. Later on Ostwald (Addition, dated 9th 
April 1902, to Fr. P. 317544; cf. B. Ps. 698 and 8300 of 1902) 
gives the following additional prescriptions. The air must be in 
considerable excess, tile temperature of the reaction must exceed 
300'’ C.; the passage of the gaseous mixture must be as rapid 
as possible, and ftlu gases are previously heated by the hot 
gases coming.away from the contact-mass. The apparatus 
consists of an open tube, charged at oi?e end with the contact- 
material (platinum coated with platinum sponge), fixed air-tight 
in a cylinder with its open"end projecting. Thc*cylinder has 
an aperture close to the exit end for admission of the gases, 
which thus pass along the sides of the tube before entering 
through the end containing the contact-material. The gases, 
strongly heated by the reaction, heat the tube on their passage 
onwards, such hfeat being in part taken up by the entering gases. 

Ostwald (Amer. P. 8,58904) produces nitric heid from a 
mixture of NH,, and air (or other source of oxygen) by means 
-of any contact substances, among which a combination of 
platinum foil, with , platinum sponge has the best action. 
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Gaseous mixtures containing very little NH 3 can be’worked 
up with advantage by gently heating,obut there should be at 
least as rajich NIT, in proportion to oxygen a., corresponds to 
the formula: 2NI1 3 +70 = 2N0.,+3H.,0. The velocity of the 
gaseous current must not be too small, lest free N be’formed. 
The contact substance should be> kept at a temperature above 
300"; thB is produced in the first instance by heating with a 
flame or electrically, and later on by regulating the gaseous 
current. His B. P. 7909 of 1908 (Fr. P. 389059) prescribes 
arranging sheets of catalytic material parallel to one anotlujp 
so as to fill the entire cross section of the chamber ih which the 
reaction takes place. The plates and the spaces between them 
arc inclined to the axis of the chamber and in the direction of 
the entering gases. The plates are fixed in such manner that 
they make contact at very few points and thus minimise their 
resistance to the passage of the gases. 

Ad. Frank and Nic. Caro (Ger. P. 224329) prepare nitric 
acid from.J'JH., by the catalytic action of thorium oxide, or 
mixtures of this with the oxides of the other rare raptals. By 
the intermediate formation of thorium nitrate a strong swelling 
of the mass is produced which leaves the contact mass in a 
porous, very active state, while the thorium sulphate, formed in 
the use of thorium oxide for the catalytic production of 
sulphuric acid ( 13 . P. 1385 of 1901), on heating yields a very 
dense, non-porous oxide. 

Wendrincr employs for the 'same purpose uranium or its 
salts as catalysers (Chau. Inc!., 1911, p. 456). 

Montbaron and Ducommun-Muller (Fr. P. 400895) ferment 
ammoniacal liquor, obtained from peat, with addition of pitric 
acid, lime, and impure salt; nitrification is brought about and 
the product is crystallised for use a&a manure. One ton of the 
product requires 320 kg. ammoniacal liquor, 300 lime, 300 salt, 
and 80 nitric acid. 

Stuart-Bpiley (B. P. [9189 of 1905), starting from carbon¬ 
aceous matter containing nitrogen, subjects fhis'to destructive 
distillation, utilising the NII 3 in the usual manner, and the 
combustible’gases for the production of electricity which he 
utilises for decomposing common salt. The NH 3 is passed 
with air or oxygen over heated platinum, to obtain nitric acid^. 
and ultimately sodium and aihmonium nitrate. ’ „ 


R 
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Storage anti Carriage of Nitric Acid. 

Strong nitrE acid can be kept and treated in rast-iron or 
wrought-iron _ or leaden vessels, but, of course, any dilution 
caused 'by the moisture of air or otherwise will cause a violent 
action. Aluminium resists nitric acid even in a somewhat more 
dilute state. 

At the Gricshcim Chemical Works a covered lead spout 
below the outlet of the nitric-acid store tank for the highly 
.concentrated nitric acid takes this acid to the carboys. This 
spout is cohnected with an aspirator for the vapours, and turns 
round a bolt, fixed below its central port, so that the carboys 
can be easily and safely placed below. 

Transportation of Nitric Acid .—Nitric acid is usually sent 
out in glass carboys or earthenware jars. Strong acid, when 
kept in tightly closed vessels, may give off a dangerous, amount 
of vapours, especially in the sunshine or under similar con¬ 
ditions. Guttmann recommends covering the carboys loosely 
with earthenware or glass cups fitting over the necks, also 
making the straw in which the carboys arc packed incom¬ 
bustible by dipping it in a solution of zinc chloride or nitre- 
cake [which will very quickly corrode it; neutral sodium 
sulphate is decidedly preferable !], and to limewash the top 
of the carboys exposed to sunlight; also to store the carboys 
in an excavated chamber, where a breakage will not cause much 
damage, as the place can be swamped with water. Some¬ 
times fires are'Caused by nitric acid from a broken carboy 
inflaming the-straw; in which case the poisonous vapours 
are exceedingly dangerous to inhale (cf. Chapter VI.). 

The “Mauserwerk” at Cologne-Ehrenfcld manufactures for 
nitric-acid carboys baskets,‘made of sheet-iron, with a lining of 
asbestos felt. The latter affords a soft surface for the glass to 
touch; the absence of any combustible (like straw) greatly 
diminishes the danger from fire, incident upon file breaking 
of the carboy? 

Another arrangement of this kind, patented by Adamson 
(Amer. P. 846541) will be described in Chapter V. 

The official rules for conveying nitric acid on the English 
-railways, published in 191J {Chem. Trade /., xlviii. p. 568), state 
that nitric acyl ‘or aquafortis may be packed («) in stoneware 
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jars, protected by wickerwork; (/;) in bottles, packed in cases 
or boxes; the interstices between the bottles must be filled with 
kiesclguhr/ or with other material on which <he acid has no 
chemical action, not with sawdust, straw, or other like substance. 
Sulphuric acid, inflammable liquids, or other chemicals which 
* by contact with nitric acid might cause fire or explosion must 
not be [Sicked in the same case or box (c) nitric acid or 
aquafortis not exceeding 1-420 sp. gr. may be packed in glass 
carboys not exceeding 12 gall, in capacity. 

For conveying larger quantities of nitric acid, in some* 
places specially strong stoneware jars' are employed, with 
inside flanges.for the purpose of strengthening 
the sides; the bottom is arched upwards for 
the same purpose, as shown in Fig. 48. 

Mixtures of sulphuric and nitric acid, con¬ 
taining pp to 8c per cent, of the latter, can be 
carried in iron vessels. * ' 

Sometjjnes nitric acid, in order to facilitate 
its transportation, is absorbed in kicsctguhr 
(infusorial earth), a plan first proposed by 
Vorstcr and Gnmeberg (Ger. P. 24748) for Fig. 48. 
the carriage of sulphuric acid, especially by sea. 

Hale and Scott (B. Ps. 24379 and 25386 of 1910) recovej 
nitric acid from its mixture with kieselguhr by distillation, 
preferably in a heated retort under fcduced pressure, the 
mas - being mechanically stirred *So as to keep it at a uniform 
temperature. 

I'umping of Nitric Acid .—For this purpose Bitul Kestner, of 
Lille, has constructed special “pulsometcts” entirely of jtone- 
ware, one form of which is shown in Fig. 49—exhibiting the 
cylinder A,lfie float 15 , the air-valvgi 0 , and the delivery-pipe 
1 ). All flanges are made tight by thin sheet asbestos, the 
faces being ground and polished. The working of this “ pulso- 
meter" is Exactly like that of the cast-iron pulsometer described 
in Chapter VI. * 

Another automatic and continuous pulsometer has been 
constructed t>y l’lath, aijfl is sold by fhc Vereinigte Thon- 
waarenwerke, Charlottenburg (Fig. 50). It also consists 
entirely of stoneware, including the valves. The acid enters* 
through valve a, the hollow trail of which is weighted so that 
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it just sinks in the liquid, and is therefore easily raised by the 
inflowing liquid. When the vessel is Cull, the .acid gets up to 
the other Vilve, the ball of which, b, is so light t*at it evcnjloats 
upon water. It is, of course, raised by the acid and shuts off 
the upper air-way c. The compressed air now enters through 
* d and forces the acid up into th# rising-main c, and thus into 
the uppef store-tank. As soon as the ves.scj is empty, the ball 
b descends, being aided by the short column of liquid in c. 
The compressed air cannot now enter the vessel, and, as there 
is now no counter pressure, the ball a is again raised and the. 
acid flows in from the lower tank, the air escaping through c. 
This action continues so long as there is acid in the lower store- 
tank and compressed air in d. Haiti a and b are accurately 
ground as usual for pumps, etc. A new model made by the 
same firm prevents any escape of compressed air during the 
charging. * 

Schartler (Z. angciv. Cheat., 1901, p. 72;}) describes apparatus 
constructed by O. Guttmann from stoneware for the purpose of 
raising acids, viz., first an injector for working with,steam or 
compressed air, and, secondly, a constantly acting acid-egg. 

Analyst's of Nitric Acid. 

Nitric acid is frequently merely tested by the hydrometer, 
but this is quite illusory, owing to the influence of the nitrogen 
peroxide (p. 137). When tested by titration it should be 
noticed that methyl-orange is destroyed by nitrous acid ; but 
this can be overcome by adding the indicator only towards. 
the end of the titration (cf Chapter III., where**the indicators 
are more specially treated). When titrating with caustic soda, 
this indicates all acids: IINjO ;) , N., 0 , (which reacts —II NO., + 
IINO.,), 1 IjjStS,, etc. At least a perjjiaifganale titration should 
be made as well, in order to estimate N„() 4 . 

The impurities contained in commercial nitric acid are as 
follows ■—' 'chlorine, sulphuric acid, fixed residue, iron : all found 
and estimated by well-known methods. Nifro/ts tlcid or nitrogen 
tetroxide is best estimated \fy means of potassium permanganate, 
running the &cid from a fyurette into the Vann diluted solution 
of permanganate, as will be described in the next chapter. 
(The influence of NO,,II on the specific gravity of nitric acid, 
has been noticed, supra, p. 1^7.) Iodine is recognised by boil- 
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ing i DC. in order to remove^the lower nitrogen oxides and 
to oxidise all iodine iijto iodic acid, diluting with 5 c.c. pre¬ 
viously boiled i^atcr, and adding a few drops of a jsolution of 
potassium iodide and starch, made with water free from air. 
A blue colour'shows the presence of iodine in the original acid, 
according to the reaction 

HJO :l + 5 KI + 2 IUO - 5 KOII 1 -61. 

This test, according to Beckurts (Fistbet's Jahresber., 18S6, 
£^3°5)» > s much more delicate than the ordinary one of reducing 
the iodate by zinc and'extracting the iodine set free by carbon 
bisulphide; but Beckurts’s test would, of course, Ipad to serious 
errors unless a check test; was made with the iodide of potassium 
employed, which might itself contain some iodate. 

# 

Protection against Accidents caused by J‘nines t 
of tXtlric and Xitrons Acid. 

In Chapter VI. we shall treat of this subject in-connection 
with Gay-Lussac and Glover towers. I will here only allude 
to the official rules published by the “ Bcrufsgcnossenschaft fur 
chcmische Industrie," Fisci/cr’s jahresber., 1899, p. 411, the 
report by Duisberg, Z. angeia. Chew., 1897, p. 49a, and the 
jule.s published in the Deutsche licithsanzdgcr of 31st March 
1899 and 19th June 1903. 

Statistics. 

Statistics concerning nitric acid are very difficult to obtain. 
In the United States, in 1902, 27,890 tons nitric acid of various 
strengths were made; in 1905, 108,5^0 short tons; in 1909, 
69,0013 tons as chief product, 9J00 tons as byproduct, and 
55,500 tons for use in tlie factories themselves; besides 28,600 
tons of “mixed acids” (U.S. Census Bulletin). 

The United Kingdom exported in 1908, 5141 t,ons nitric 
acid ; in 1909,^5385 tons; in 1910, 3716 tons.* * 
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HISTORICAL AND GKNKRTtf, NOTES* ON THE MANUFACTURE 
OF* SUl.I’lfuRIO ACID 

History of the Manufacture of Sulphuric Acid. 

According to Rod well (Jtirth of ChemistryI) it is very probable 
that sulphuric acid was already known »to the ancients; but 
usually its first, although indistinct, ntention is ascribed to’the 
Arab Gebcrf who speaks of the “ spirit ” which can be expelled 
from alum and which possesses solvent powers. Geber re, 
however, a •mythical personage, and many of his ^alleged 
numerous discoveries have wrongfully crept «into the Latin 
“translations ” of his pretended writings, as proved by BertheloJ 
and Steinschn*'ider (cf Lippmann, Z. anyciv. Chevy 1901, p. 
646), who show that sulphuric acid was unknown to the Arabian 
writers about 975 A.D. Others give the honour of its dis¬ 
covery to the Persian alchemist Abu-Bekr-Alrhases, who is 
said to have died in 940. Vincentius de Beauvais (about 
1250) alludes to it; and AlbPrtus Magnus (1193-1280) speaks 
of a spirilus vitrioli Romani, which.can.onJy have been sulphuric 
acid ; his “sulphur philosophorum ” is the same thing. 

With all distinctness Basilius Valentinus, who has probably 
lived in the se!ond*Jialf of the* fifteenth century, in his 
Revelation of the Hidden Manipulations , describes its pre¬ 
paration for calcined copperas and siftga, and, in his Triumphal 
CarVf Antimofy, also its preparation by burning sulphur with 
saltpetre (Kopp, Geschichte der Chemie , iii. p, 303); but he 
took the two to be tliffljreftt substances.* ., 

Gerhard Dorn;eus*(j57q) despribad its proyc*rties accurately ; 
Libavius (1595) recogwSed the itjp|}tity of {fe .acids from 
different procesSepamf prepr^ation ;, the saihe was done by 
Angelus Sala (i6y), who pointed *>ut the fact, which had 
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sunk, inta oblivion Since Basilius, tf at sulphuric acid can be 
obtained b^'burniii" sulphur in moist vessels (of courscy with 
. access of air); after that time it was prepared by the apothe- 
aifies in this way* fi essential improvement, viz, the addition 
of a little salkpptre, introduced in 16C6 by Nicolas ie Fevre 
and Nicolas Lcmery. This caused a sort of manufacture of 
^itriol which is said have been introduced into England by 
Cornelius Drebbet ; a quack akictor of the name of Ward first 
carried on sulphuric-acid making, on what was then a large 
scale, at Richmond'near London, probably a little before 1740. 
Ward emplr^ed Jarge glast; vessels up to 66 gallons capacity, 
which stood in two rows in a sand-bath,' and which were 
provided with horizontally projecting necks; at the bottom 
they contained a little watdr. In each neck there vpis placed 
an earthenware pot, «nd on this a small red-hot iron dish, 
into’which a mixture of one part saltpetre and eight parts of 
brimstone were put; then # the neck of the bottl» was closed 
with a wooden p$ug; on the combustion* being finished, fresh 
air was* allowed to enter the vessel, and the operation was 
repeated till tic acid had become strong enough to pay for 
concentrating in glass retorts. 

Ward called the product “oil of vitriol madj by the bell” 
(already Basilius Valentinus had used the expression “per 
campanam ” in this sense), in order to distinguish the spirit of 
vitriol made from brimstone from that distilled from sulphate 
of iron, the latter having been already before Ward’s time 
made on a kind of manufacturing scale in England: an exact 
description of thi? is pivyi by J. C. Bernhardt in his Chentisthe 
Versuche nnd Erfahrungen, 1755. Ward’s process, troublesome 
as it is, reduced the price of the acid from 2s. 6d. per oz. (the 
price of the acid from copperas or from burning brimstone 
unc^er a moist glass jar) to 2s. per lb. 

An extremely important improvement in this process was 
the introduction of the lead chambers , which by general coirsent 
is ascribed to Dr Roebuck of Birmingham, who in 1746 erected 
such a chamber 6 ft.‘squarc, and ifc 1^49* in partnership with 
Mr Garbc^t, built Victory, foupded*thcrebn) at Brestonpans in 
Scotland, ie ofylcr to supply acid fof the bleaching of linen. 
The mixtifre of‘brimstone andVsaltpetrt^m* the proportion 
employed by Ward was* put into small ijon waggons which 
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were run into tfie chanjberim a railway : tht chamber was closed, 

and the process carried on intermittently in tins way. • Guttmann 
(/. S*oc. Client, hid., 1901, p. 5) gives a detailed description and 
some drawings of such “ lead-houses ” and’they- style,of working, 
from a»manuscript by a Birmingham chemist, VY- E. Sheffield, 
written between 1771 and 1790. The cost of acid of sp. gr. 
1-844 per ton by that process was £22, 6s. 46. without labour. 

Soon other works followed £t Bridgenojth, and at Dowl&s 
in Worcestershire, where the, chambers were already made 10 
ft. square; in 1772 a fac&qry was erected.in London with 71 
cylindrical lead chambers, eadli 6 ft.*in diamjtcr and 6 ft. high. 
In 1797 there were already six or eight works in Glasgow 
alone. According to the statements given in Mactear’s Report 
of the Alkali and Bleaching-P'owder Manufacture in the Glasgow 
District (p. 8), the acid at that titne ctjsf the Glasgow manu¬ 
facturers ,£32 per ton, and was sold %t £54. At Radcliffe.near 
Manchester it cost, in 1799, £2\, 10s. per ton, without interest, 
on capital. In the’lattcr place there were,6 chambers I2,ft. 
long, 12 ft..wide, and 10 ft. high, witlt roofs like those of houses, 
and valves opened between each operation ; on their bottom 
there was 8 or 9 in. of water; every four hours a mixture of 
1 lb. saltpctr* and 7 lb. brimstone was burned in each chamtfer 
on iron shelves, of which each chamber contained four, 4 in. 
distant one from another. The shelves were made of very thin 
iron, in order to geg heater^ very quickly, and rested on iron 

frames, by means of which they could be slid in and out; a 

quarter of an hour before esch operation the valves and, doors 
were opened in order to allow air to enter. Thus weekly, 
1386 lb. of brimstone and 198 lb* o? saltpetre were burnt, 
yielding 1800 lb. of oif of vitriol—that is, 130 per cent of the 
sulphur, with a* consumption of. 14-28 per cent, saltpetre on 
the same. In six weeks the strength of the acid attained only 
1-250 sp. gr.; it was then run off and concentrated dp to 
''375 S P- gr.,in which state it was used and sold. At Preston-, 

pans, in 1800, a yield of only 111 per cent, on tlic sulphur vras 

attained, with a consumption rff 13 per cent, saltpetre on the 
brimstone; *n 1813 tfiere were*in that* place 108 cft&mbers of 
14 ft: length," 10 ft. Ji*ight, a’nd,4i ft. width.* 111*1805 there 
existed at Rurtjjisland a/ factory’ with j 6(7 chambers of a 
capacity of 19 cb. ft. each. : 
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R, Forbes Ctppeitter and,W. F. Itlid ^so give some interest¬ 
ing notes the parly manufacture of sulphuric acid (J. Soc. 
Chem. Ind , 1901, p.‘ ( 7$. The former mentions acid-chambers 
erected in Gornmll from dressed granite, with lead top and 
bottom, „ , , , • 

In the meantime the first lead chamber in France had been 
erected at Rouen by Ilolker in 1766. In 1774, in that place, 
on the advice of t)e la FoHie^an important improvement was 
introduced, viz. the introduction «of steam into the chambers 
during the combustion of* brimsto*6. In 1793 Clement and 
Desormcs shpwcd that tire aci( 5 -cham£>ers can be fed by a 
continuous current of afr, by which a great deal of saltpetre 
could be saved. They showed that the oxidation of sulphurous 
acid takes place to the extent of nine-tenths at the expense of 
atmospheric oxygen,'and thAt the saltpetre plays only the part 
of intermediary between tire air and the sulphurous acid. By 
• this demonstration the modern theory of the essence of the 
sujphuric-acid-mal*ing process was established ; but it took a 
rcmajka,bly long time bCforc the difficulties wers overcome 
which stood in the way of introducing the continuous system 
into practice. Usually the introduction of the continuous 
burning of brimstone is ascribed to Jean Holkcr ("a grandson of 
the first Holker), in 1S10; but, according to Mactear, a con¬ 
tinuous system had been introduced at St Rollox, at least 
partially, already in 1807; steam yas first, introduced therein 
1813 or 1814. 

In, Germany the first lead chambers seem to have been 
thok at RingkuhH nesp Casscl. One of the oldest chambers 
was that erected by Ur Richard at Potschappel near Dresden 
in 1820; as he had no plumber at h‘is disposal, he had to 
solder the chamber himself with soft solder and a smoothing- 
iron (Bode, in* his translation of H. A. Smith’s Sulphuric 
Acid'' Manufacture , p. 96). This chamber was still charged 
, intermittently, 100 lb. of brimstone yielding onJy 150 lb., of 
vftriol. 

1 Lampadius, in a treatise published,in .1815, 1 speaking of 
sulphuricacid as then niade in England and.afrSch’wcmsal, near 
Leipzig, describes the'lead chambers ac J rooms,* 1 about *25 ft. 

1 Quoted bj Cl. Wfnkler, angew. (firm., 1900,^.7ji. Some of the 
following statements are alsoVabcn fiom this paper. 
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square with a stone flqor, Hinec! throughout* wit]? lead^with two 
doors^ through which sulphur islntroduced aijd bur^itd on iron 
dishes, holding l cwt. of brimstone, mjxed with 20 per cent, 
nitrate of potash, steam being,introduced'*fronj a copper outsidfi 
the room. Through four pipes and tajus, during the later 
stages of the combustion (which lasted three hours), a little 
air was admitted. The “ foom ” was exposed to great strain 
through the strong expansion and* subsequent contraction of 
the atmosphere inside. The. dilute acid formed was boiled 
down in glass retorts to Sj>. gr. i-8oo. 

The invention of soldering* lead,* not with*" sof$ solder,” but 
with lead itself, generally called “burping,” by means of the 
hydrogen blowpipe, is due to Debassayns de Richcmontl, in 
1838. Aj late as 1846 Prechtl’s •Technical Encyclopedia (xiv. 
p. 246) mentions the chambcr-sidesLos bqjn'g sometimes covered 
with a crust of chamber-crystals, ) or»i inch thick, which proves 
the want of*inderstanding the process at that time. , 

Kestner, of Thartn in Alsace, was the first to collect the 
products ofi condensation at the chamber-sides in <jrd<tr to 
regulate the working of the chambers thereby. t This innovation 
was at once considered of such importance that Kestner was 
called to Gla.-gow in order to introduce his plan into Tennant's 
works. 

In 1827 Gay-Lussac’s cwndensing-apparatus for the nitre- 
gas escaping from the chambers was invented : at Chautty this 
apparatus was erected in 1842, at Glasgow in (844. But we 
have now come so near the present titne that we may conclude 
the historical part of our task. > • 

An interesting account of the development of the industry 
of “oleum ” and of ordinary sulphuric acid in Austria is given 
by Martell in Chtm. hid., 1911, pp.«205 ct scq. 

General Principles of the Mann flit arc of Sulphuric AcicP. 

Sulphuric acid can be obtained on a large scale in one of , 
two ways—viz., cither by burning sulphur or sulphides intb 
sulphur dioxide andfunthcy oxidising tht: latter, or by decom¬ 
posing natural of artificially prepared sulphates. Tire latter 
process, apart 'from sjvt'ral proposals so far not carried out 
practically, hastfoyi long time past served for*making fuming 
oil of vitriol, which will be‘ treated^of in a special chapter; 

a • 
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ordinary ^ulphujic ascici has glways b£cn pbtaine'd by the former 
process, wLiafi wil^ occupy us in‘thc first instance. ( 

By the combustioh «f sulphur, cither free (as brimstone, gas- 
sulphur, etf.)or combined with inptals or with hydrogen, sulphur 
dioxide (S 0 2 ),is always formed at first. Sulphuretted hydrogen, 
even when mixed with as much as 70 per cent, of inert gases 
(nitrogen), can be lighted like illuminating-gas and continues 
burning without any difficulty, aqueous vapour being formed 
at the same time as SO.,. Brimstone ignites in the air at a 
temperature rather»beIow 300' C.; atid when once it has begun 
to burn, the Jieat,generated'raises the whole of the sulphur to 
the point of ignition, provided that sufficient air be present. 
A dumber of metallic sulphides behave similarly: the most 
important of these for our purpose is the iron disulphide, FeS,; 
but here special precaution's must be taken, so that the whole 
mass may be completely burned (roasted). In both cases, 
besides sulphur dioxide, SO.,, a little trioxid# (sulphuric 
anhydride), SO,,»is always formed, and,* in the presence of 
watqr of steam, also sulplfhric acid, 80 , 11 .,, more or.less diluted 
with water. Moreover, an aqueous solution of sulphurous acid 
in contact with air gradually changes into sulphuric acid. In 
60th cases it is, of course, the oxygen of the air vthich converts 
the SO, into S 0 3 or SO,II,; but this reaction at the ordinary 
or only moderately elevated temporature goes on far too slowly 
to be applicable for technical purposes. • 

There are two ways of increasing the velocity of the 
oxidation of sulphur dioxide. One of these, which is princi¬ 
pally applicable *to jlry g gases and therefore leads to the 
preparation of sulphur trioxide in thp anhydrous state, is the 
employment of catalytic pr contact substances. We shall discuss 
this in a special chapter. * ,* n 

The second way, which is exclusively applicable to the 
production of real sulphflric acid, H,S 0 4 , is founded on the 
property of the acids of nitrogen to serve as carriers of oxygen 
from atmospheric air upon sulphur dioxide and water, the 
original rjitrogen oxiefe being* always «fo»med. This process 
will be exglaincrV in fietail yherj we treat t>f*the theory of the 
formation 0/ stilphuric aci<^ it is called the lead-chaiftber or 
vitriol-chamber process. 

The reaction betweelwpjtrogen’ acids and sulphflr dioxide 
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goes on only in the presence of jyater; and jve mu^st add ’at 
once that, in practice, much mcfre water is ncedecLth'an suffices 
for tJie formation of S 0 4 H,; the sulphhric acid formed is 
therefore always dilute , and, must be .concentrated for most 
purpose. _ t , 

For some purposes the acid must also be deprived of certain 
foreign substances which gdf into it from the raw materials and 
the apparatus ; and in such cn^.s the sulphuric acid has to be 
purified. 



